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PREFACE. 

The wakt in England of a good practical work on Lightning 
Conductors, accessible to both the professional and non- 
professional reader, has long been a subject of remark. That 
there are Englbh works bearing more or less on Lightning 
Ptotectjon will be seen at once on reference to the Kbliography 
contained in the Appendix, pp. 231-248. But it will be found 
these books are either obsolete and out of print, or are written 
in a purely popular style that conveys little or nu * usable ' in- 
formation whereby may be obtained a trustworthy account of 
the growth and application of the Lightnino Conductor. 

It is with a view of meeting this need that the present 
work has been written. It contains not only a history of the 
various methods that have been used to this end, but also a 
thoroughly practical exposition of the systems employed by the 
best authorities in various countries. 

To Architects, Clergymen, Municipal Officials, and all those 
in charge of large and lofty buildings, it would be impossible 
to over-estimate the importance of this subject. Year by year 
an enormous amount of property is destroyed merely because 
the simplest precautions have not been taken to guard 
churches and other large buildings from the effects of thunder 
storms. 
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The Author of this work can at all events claim a large 
practical acquaintance with its subject. He feels convinced 
that those concerned in the preservation of buildings, whether 
they be houses, churches, or public offices, need only to learn 
the simple methods that can be used to render the action of 
lightning innocuous, in order to adopt them. 



E. A. 



New UALDBir, Sitbbet: 
October 1878. 
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LIGHTNING CONDUCTORS: 



HISTORY. NATURE, AND MODE OF APPLICATION. 



CHAPTER I. 

ELECTBICnT AND LIOHTKING. 

' FiBOT let me talk with this philosopher : What is the cause 
of thunder ? ' asks Shakspeare in * King Lear,' but without 
giving a reply. The 'philosopher' of Shakspeare's dajra 
had no answer to make ; nor had any others long after. 
From the dawn of history till within comparatively modem 
times, thunder and lightning were mysteries to the human 
mind ; nor did there exist so much as a surmise that there 
might be any connection between them and the equally 
mysterious agent called electricity. The latter force indeed 
revealed itself early to attentive observers, though in forms 
very different from those known at the present time. The 
Greeks found out that amber, or ' electron,' attracted 
certain other bodies under friction, and named the force 
after it ; and the Bonums were aware that the shocks dis- 
charged by the torpedo fish were of electrical nature, and 
they used them for the cure of rheumatic complaints in the 
reign of the Emperor Tiberius. Both Greeks and Bomans 
also observed the sparks emitted, under certain circumstances, 
from clothing and from the fur of animals. But this repre- 
B ■ . 
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2 UGHTNING 0ONDUCT0R8. 

sented the total sura of knowledge about electricity for ages 
and ages. 

It was not until the year 1600 that Dr. William Gilbert, 
physician to Queen Elizabeth, made a great step forward by 
showing in his celebrated work, ' De magnete, magneticisque 
corporibus, et de magno m^nete tellure, physiologia nova,' 
that the two classes of phenomena, the magnetic and the 
electric, are emanations of a single fundamental force per- 
vading all nature. Dr. Gilbert ftirther discovered that 
many other substances besides amber possess the electric 
power, and that this power is easily excited when the air is 
dry and cool, and with diflSciUty when it is moist and warm. 
These discoveries caused great commotion in the European 
learned world, yet produced no further result for another 
half a century. In 1650, Otto von Guericke, burgomaster of 
Magdeburg, the inventor of the air-pump, who had studied 
with deep interest Dr. Gilbert's book, succeeded in con- 
structing a little electrical machine, composed mainly of a 
ball of sulphxur mounted on a revolving axis. By the aid of 
this instrument, very rude in construction, he produced 
powerful sparks and flaslies of electric light, and it helped 
him likewise to discover, first, that bodies excited by fric- 
tion communicate their electricity to other bodies by mere 
contact, and, secondly, that there resides in electrified 
substances the power of repulsion as well as that of attrac- 
tion. 

Those who followed in the wake of the ingenious bui^o- 
master of Magdeburg for the next ninety or hundred years, till 
towards the middle of the eighteenth century, did very little 
towards adding to the already acquired knowledge of elec- 
tricity. Sir Isaac Newton constructed an electrical machine of 
glass, very superior to that of Otto von Guericke, with which 
he made some amusing experiments ; but, strangely enough, 
drew no conclusions from them, treating the mighty force 
under his eyes as only a plaything. This was all the more 
singular as a contemporary of the great philosopher, Francis 
Hauksbee, like him a Fellow of the Boyal Society, called 
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attention, in a volume entitled * Physico-mechanical Experi- 
ments,' published in 1709, to the great similarity between 
the electric flaah and lightning, hinting that the two might 
possibly be offspring of the same mysterious force. Dr. 
Wall, in 1708, said that the light and crackling of rubbed 
amber seemed in some degree to represent thunder and 
lightning. Another member of the Eoyal Society, Stephen 
Gray — the first man in England who made the study of 
electricity the devotion of his life, but of whose career very 
little is known beyond the fact that he was very poor, and 
a pensioner of the Charterhouse — added numberless experi- 
ments to those previously made, and was bold enough to 
declare, in 1720, six years before Sir Isaac Newton's death, 
that ' electricity seems to be of the same nature with thunder 
and lightning — if we may compare great things with small.' 
For this audacity in ' comparing things ' he was sharply taken 
to task by all the scientific men of the age, and, as deserved, 
set down as a man out of his senses. 

Nothing more was done for the next twenty-five years 
to enlarge the knowledge of the phenomena of electricity. 
It stood, in fact, on a footing not very far advanced from what 
it had been two thousand years before. The achievements 
mainly consisted in a great number of entertaining ex- 
periments performed for the delectation of great and httle 
children. Various machines had been made for exciting 
electricity, but they served only, or at least chiefly, for 
amusement, allowing ladies to fire ofi" a cannon by a touch 
of their dehcate hand, and bringing ladies and gentlemen 
together to behold the wonderfiil spectacle of an infant's hair 
being made to stand on end, the httle creature having been 
placed upon cakes of resin, and fastened to the ceiling by 
silken cords. The whole was httle more than a repetition, 
on a greater scale and with improved means, of the ancient 
Greek experiment of rubbing a piece of amber on the sleeve 
of a philosopher's coat. 

The first great step towards a practical insight into the 
nature and phenomena of electricity, hitherto a mere play- 
9i 
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4 UGHTNDJG CONDUCTORS. 

thing, waa made in the year 1745 in the ancient Dutch 
city and university of Leyden. Two professors of the high 
school, John Nicholas Allamand, a member of the Eoyal 
Society of London, and Peter Van Musschenbroek, author of 
a treatise entitled ' Introductio ad philosophiam naturalem,' 
had been trying, like many other scientific men of the time, 
electrical experiments, when the thought occurred to them 
that the real reason why all the work of the same kind had 
as yet produced such slight results was that the electrical 
force was absolutely unstable. It slipped, so to speak, 
through their hands, before they could look at it ; it vanished 
' like a dream, leaving no substance behind.' One body, they 
knew, had the power of electrifying another, but only to let 
the mysterious force pass on, like a current of water running 
down a cataract. Could they but ' bottle up ' electricity, 
what a grand gain would tiiis be to science ! So thought the 
two professors of Leyden university ; and thought justly. 
They went on experimenting, with this end in view, till at 
last so-called ' accident/ the mother of millions of human in- 
ventions and discoveries, threw a briUiant light on the dark 
road along which they were groping their way. 

One day Professor Allamand and Van Musschenbroek, 
together with a pupil named Cuneus — a sort of Wagner, it 
would seem, sitting at the feet of Dr. Paust — were trying the 
effects of electricity on a small iron cannon, suspended by silk 
threads, and connected by a wire with a glass bottle half full 
of water, when whey were startled by an extraordinary 
incident. Curious, like all students of occult sciences, 
young Cuneus took it into his head to see what would 
happen if he held the prime conductor of the electrical 
machine in one hand and the electrified bottle of water in 
the other. Something wonderful happened, indeed, causing 
profound amazement and terror to the three persons 
witnessing it, most of all to the immediate experimenter, 
who sank down on the floor, half dead with fright. Master 
Cuneus had received an electric shock. It was the first 
electric shock ever administered by artificial means to any 
human being. 
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Such waa the origin of the long-famous ' Leyden jar,' or, 
as it was originally called, ' Leyden phial.' The whole of 
the scientific world of Europe was as much startled by the 
discovery that electricity could be imprisoned, like Ariel in 
an oak-tree, as the two Leyden professors and their pupil 
had been, and a perfect fury set in for more experiments. 
A professor of the University of Leipzig, in Germany, Dr. 
Winckler, started the excitement by submitting his body to 
frequent powerful shocks, opening up, besides, a scientific 
discussion in which he came forth as the champion of the 
proposition that the discovery of the ' Leyden phial ' was 
due, not to the professors in the Dutch university, but to a 
German ecclesiastic, Ewald George von Kleist, who made 
the experiments of Messrs. Allamand and Van Musschenbroek 
a year before them. His own sensations in submitting to 
the force of electric shocks, Professor Winckler described, 
doubtless with some exaggeration, as being convulsed from 
head to toe, and the prey of violent agitations, which threw 
his arms about, and made the blood rush from his nose. 
Dr. Winckler did not venture upon many experiments ; but 
his spouse, undismayed by the arm-shaking and nose- 
bleeding of her lord, and having the combined curiosity of 
a woman and a professor's wife, continued upon her own 
person the electric shocks. However, she did not take 
many, nor did science gain by the sacrifice. When a few 
graspiugs of the ' Leyden phial ' had deprived her of the 
power to walk, and, what was worse, to speak, she followed 
the example of her bleeding husband, and took * cooling medi- 
cines.' All these wonderfiil facts were made widely known at 
the time, and created the most profound interest. Professor 
Musschenbroek, of Leyden, added not a Uttle to the pre- 
vaihng excitement by writing to his friend Ren^ Antoine de 
E&iuraur, inventor of the thermometer named after him, a 
long letter, given at once to the public, in which he dwelt 
upon the terrible effects of the mysterious agency which he 
had helped to call into bemg, and wound up by declaring 
that he had become terrified by hia own foster-child, and 
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that he would not submit to another electric shock * for the 
whole kingdom of France.' 

Experiments in electricity now became tlie prevailing 
mania. Louis XV. of France aet the fashion among crowned 
heads of having his soldiers electrified, to see what benefit 
he, or they, would derive from it. On the instigation of Abb^ 
Nollet, considered a man of high scientific attainments, and 
who made several important discoveries in electricity, the 
King submitted, in his own presence, 180 of the tallest men 
of his life-guards, fastened hand to hand by iron wires, to 
repeated charges from a connected group of Leyden jars. 
The big fellows were not visibly influenced by the electric 
shocks, experiencing not so much as the historical nose- 
bleeding of Professor Winckler of Leipzig, still less the 
dumbness of his worthy spouse. On the contrary, the wire- 
bound royal guards, conscious of but very slight sensations 
from the electric shocks, and feeling somewhat indignant at 
this, and of being made scientific tools without at least 
getting a strong bump on the head, spoke out strongly, 
declaring the whole matter to be an imposture. 

Having failed to electrify his soldiers, Louis XV. tried 
his monks. It struck his Most Christian Majesty that 
perhaps the human creatures who had tlie honour of 
fighting for him were endowed by nature witli rather tough 
hides, and that the case might be diflerent in regard to tlic 
softer beings upon whom devolved tlie task of praying for 
him. Accordingly, the King issued orders that all the 
monks of the grand convent of the Carthusians at Paris, 
over 700 ill number, should be electrified by the same con- 
nected group of Leyden jara which had been tried upon the 
company of life-guards. The result was entirely different, 
and most gratifying to the King. Tlie shock liad no sooner 
been given when the whole file of monks gave an instan- 
taneous jump, uttering a howl at the same time. There 
were some eye-witnesses of the aflair who asserted that the 
Cartliusians jumped and howled even before the shock had 
been given, on seeing some one approach the Leyden jar ; 
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but this was officially denied. King Louis XV. was so de- 
lighted with this result of his scientific investigations, that 
he proposed to submit all the monks of all the raonasteries of 
France succeasively to the process of being electrified, so that 
it might be accurately ascertained upon what religious orders 
and communitiea it took the greatest effect. Hia Majesty 
likewise was pleased to suggest, that, after all the monks had 
been electrified, the nune might be tried in their turn. But 
the proposal was vetoed at Eome. There came definite 
orders from the Supreme Pontifi" forbidding the contact of 
any more persons in the service of the holy Catholic CJhurch 
with the sinful electric wire ; and the Carthusians of Paris 
remained the last monks, as they had been the first, brought 
to jump and howl at the touch of a Ijeyden jar. 

From France and the continent of Europe the mania 
for electrical experiments spread into England. But here it 
was taken up in a thoroughly practical spirit, worthy of the 
genius of the nation. Instead of aiming merely at the pro- 
duction of wonderful phenomena, made to create astonish- 
ment, a number of scientific gentlemen formed themselves 
into a body for the express purpose of seeking to ascertain 
the nature, efiects, and conditions of the mysterious agent 
which had obtained the name of electricity. At the head of 
this body of inquirers was Dr. William Watson, a member 
of the Eoyal Society, indefatigable in the pursuit of science, 
and with him worked Martin Folkes, then president of the 
Society, Lord Charles Cavendish, Dr. Bevis, and other dis- 
tinguished men. They set themselves, first of all, to ascer- 
tain in what manner electricity was communicated through 
the soUd earth, as well as through fluid bodies ; and, 
secondly, to enter upon experiments showing the amount of 
speed at which the force travelled. With the first object 
before them, they made some curious trials in the month of 
July 1747, which attracted all Loudon. They hung a wire 
over the Thames, close to Westminster Bridge, attaching 
the one end to a Leyden jar, and giving the other to a man 
who held it in the left hand, while he grasped with the right 
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an iron rod, standing in the river. Facing the latter, on the 
opposite side of the Thames, not far from the operators with 
the * jar,' was stationed another person, also grasping an iron 
staff planted in the river. After the charge had been given, 
it was found that the electricity, after travelling by the wire 
over the river, had corae back by the water, the person hold- 
ing the iron staff on the starting side not only ezperiencing 
a shock himself, but several individuals touching him. Not 
content with this experiment, showing the transmission of 
electricity, Dr. Watson and his friends made another, on a 
larger scale, a week afterwards, on the New River, at Stoke 
Newington, London. They spanned, by chains and wires, a 
circuit embracing 800 feet by land and 2,000 by water, 
with the result of finding that the water transmitted the 
electric force by itself, if merely an iron staff was placed in 
it. But they also discovered at the same time that moist 
land would carry the force, equally with water. To ascer- 
tain the latter fact more distinctly, the investigators made a 
third experiment at Highbiiry Bam, Islington, setting up 
some miles of wire, separated partly by land and partly by 
water. The conduit of the electric force throughout the 
whole distance was found to be uninterrupted, which led 
Dr. Watson to proclaim his conviction that the agent was 
far more abundant throughout nature than had been 
formerly believed. 

In order to ascerttdn the speed at which the electric 
force traversed space, Dr. Watson and his friends next 
entered upon a series of experiments at Shooter's Hill, near 
London. They sent an electric discharge a distance of four 
miles, observers being stationed at each end, and a gun fired 
at the touch of the Leyden jar, when it was shown con- 
clusively that the movement of the electric force waa 
instantaneous. This was an important step in advance, in 
overthrowing all formerly established conclusions as to the 
agency being produced by a succession of waves, Hke sound, 
and as such, moving slowly through space. 

The field for electrical experiments waa now becoming 



I oy Google 



ELECTBICmr AND UGHTNING. 9 

gradually more extensive, and a few more practical tests of 
Mr. Watson and his coadjutors led the way to the greatest 
knowledge of the all-pervading force that had yet been 
achieved, in the clear apprehension that lightning was but a 
manifestation of electricity. The new experiments were 
chiefly made with the so-called electrical tube, a glass rod, 
from two and a half to three feet in length and about an 
inch in diameter. It had been known for some time that 
the tube, when gently warmed, so aa to be perfectly dry, and 
rubbed with a silk handkerchief, exhibited strong symptoms 
of electricity, to the extent of throwing off luminous sparks, 
which obtained the name of ' electric fire.' Dr. Watson 
found, to his surprise, that this electric fire was not general 
and always obtainable, but conditional upon circumstances. 
Having rubbed a glass tube while he was insulated by 
standing upon a cake of wax, he found that no electricity 
could be drawn from him by another person who touched 
any part of his body, but tliat the same person could obtain 
sparks from the tube by putting his hand near it. Dr. 
Watson likewise observed, in the same train of experiments, 
that if an electrical machine, together with the person 
turning the handle, were suspended by silk, electric fire was 
not apparent until he touched the floor with one foot, when 
the fire appeared upon tlie conductor. Having made a great 
number of trials of a like nature. Dr. Watson made known 
the important conclusion derived from them, namely, that 
glass tubes and all similar * electrifiers ' did not contain 
within themselves the subtle agent known as electricity, but 
formed only its temporary place of rest, as a sponge 
would that of water. Dr. Watson was near proclaiming 
the fact that electricity resides everywhere throughout the 
universe ; but for a moment he only touched the fringe 
of it. The discovery of this grand truth was left to later 
investigators. 

One curious result of the experiments made by Dr. 
Watson and his friends, and which they themselves probably 
did not expect, was the breaking out of a sort of pubUc frenzy 
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for making like trials, but after tbe most childieli fashion. 
Everybody who had, or thought he had, the least tincture of 
science in him, procured a long glass tube, and went on 
rubbing it assiduously with his handkerchief, sitting in dark 
rooms and cellars, so as to be better able to watch the first 
appearance of the ' electric fire.' Ladies and gentlemen 
aUke went on rubbing, with desperate energy, as if the fate 
of the world depended on their exertions. They sold ' elec- 
trical tubes ' in pastry shops ; every draper praised his own 
handkerchiefs as the best for rubbing ; and lecturers upon 
electricity went about through the length and breadth of the 
land, with glass rods in their hands, dehvering wonderful 
harangues, and trying to explain to gaping multitudes the 
mysteries of nature as regards electricity. The lecturers 
even crossed the Atlantic to America, vbiting the chief 
towns, and preaching to large assemblies in places — 

Where blind and naked ignorance 
Delivers brawling judgments, nBabaehed 
On bU things, all day long. 

If it was a ludicrous spectacle to see these wandering 
lecturers, with their glass tubes and pocket-handkerchiefs, 
the movement nevertheless produced, apparently quite by 
accident, a striking result. It occurred through one of the 
peripatetic preachers of electric revelation coming face to 
face with Benjamin Franklin, a printer estabUshed at Phila- 
delphia, when on a visit to his native town of Boston, 
Massachusetts, North America. 

There are, in the records of scientific discovery, few 
figures so interesting, because so full of marked individualism, 
as that of Benjamin Frankhn. He was not a man of genius, 
in the accepted sense of the word ; nor was he even a man 
of high talents. But he was nevertheless a decidedly great 
man, his greatness consisting in the largest development of 
that undefined faculty known as common sense. Benjamin 
Frankhn was the very ideal of a ' practical ' man, that is, a 
man valuing thoughts only as leading to actions, and new 
ideas only as tlie road to visible results. The success of his 
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career in life was but an illustration of his thoroughly- 
practical character. Born at Boston in January 1706, the 
son of a tallow-chandler and aoap-boiler, he was destined by 
his parents to follow the same trade, but not rehshing 
the melting pots, he got apprenticed to an elder brother, a 
printer at Boston. Harsh treatment drove him away from 
this place before the terms of his apprenticeship were over, 
and witli scarcely a penny in his pocket, and the experience 
of only seventeen years in his brain, he made his way to 
Philadelphia. A year after, when eighteen years of age, he 
was induced to sail for England, and was fortunate enough 
to find employment as a compositor in a printing office in 
Irf)ndon, but so poor as to be compelled to take a lodging 
for eighteen-pence a week. However, his self-rehance never 
deserted him ; he managed to go unscathed through all the 
perils of poverty and friendlessness in a great city, and after 
a few years went back to Philadelphia, with a small stock of 
money and a wealth of experience. He now set up as a 
master printer, and gradually, though by very alow degrees 
and ceaseless toU, devoted to multifarious objects, rose into 
prosperity. For upwards of twenty years, from 1728 to 
1748, he was the most energetic and active man of business 
in Philadelphia. He was not only a printer, but an author, 
an editor of newspapers, a compiler of almanacks, a pubKsher, 
a bookseller, a bookbinder, and a stationer. He made lamp- 
black and ink ; he dealt in rags ; he sold soap and geese 
feathers; also, as he frequently made known to his fellow- 
townsmen in printed notices, he had always in stock * very 
good sack at six shiUings a gallon.' To dispose of the 
numerous articles in his store he invented the art of adver- 
tising, unknown before him at Philadelphia. All the in- 
quiring minds of the ' Quaker City ' assembled regularly in 
the shop of Benjamin Franklin, ' the new printing office near 
the market,' which came to form tlie centre of intelligence, 
and the source from which aU piibUc movements went forth. 
The reward for all this activity was that at tlie end of 
twenty years Benjamin FrankUn had accumulated a hand- 
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some fortune, his average income amounting to over two 
thousand pounds sterling a year : then considered a very 
large sum, and of probably three times the purchase value it 
would possess at the present day. With increasing wealth, 
the active printer, happy in all his family relations, thought 
himself justified to seek a httle occasional leisure, which he 
found chiefly in visits to Boston, his native town. It was on 
one of these visits, made in the summer of 1746, that he went 
with a iriend to a lecture-hall, scarcely knowing what was 
to be the intellectual entertainment prepared for him. It 
proved a discourse, with illustrative experiments, upon 
electricity, by a Dr. Spence, duly armed with a three-feet 
glass rod and sUk pocket-handkerchief. Benjamin Frankhn 
was not merely interested : he was startled. It was to him, 
as he afterwards declared to one of his firiends, the opening 
of a new world. 

Perhaps tlie subject which attracted so suddenly the 
attention of Benjamin Franklin might have escaped it again, 
in the pursuit of his many vocations, but for another acci- 
dental circumstance. It so happened that, immediately 
after his return to Philadelpliia, there came a parcel of books 
from England, accompanied by a present in tlie shape of 
an electrical tube. The sender of it was the London agent of 
the library Company of Philadelphia, Mr. Peter Collinsou, 
a member of the Royal Society, and as such sharing the 
general interest in the electrical experiments of Dr. Watson. 
The tube, which was accompanied with full directions for 
its use, was no sooner unpacked, than Prauklin seized it 
eagerly and began experimenting, at the same time inspiring 
the most sanguine of his friends to follow his example. 
Glass tubes, made similar to the one sent from London, were 
soon procured from a local manufacturer, and then began a 
general rubbing. ' I never before,' Franklin vn*ote, early in 
1747, 'was eng^ed in any study that so totally engrossed 
my attention and my time as this has lately done ; for what 
with making experiments when I can be alone, and repeating 
thera to my friends and acquaintances, who, from the novelty 
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of the thing, come continually in crowds to see them, I have, 
during some months past, had little leisure for anything 
else.' To the greater number of those friends and acquaint- 
ances who came flocking in crowds to the shop of the 
Philadelphia printer, the electric tube was, probably, only 
looked upon as a new toy ; but it was vastly different bb 
regarded himself His keen practical eye seemed to discern 
at once that the manifestationa of the mysterious force on 
which he was experimenting contained the germ of some- 
thing that might be utilised by men, or brought into obe- 
dience to the human will. 

It is not very clear from the published correspondence 
of Franklin what his earliest views on the aubject were, but 
there are many indications that he conceived for a while 
that the ' electric fire ' might be employed in arts and manu- 
factures. In hia usual humorous style he spoke of these 
utilitarian aims of his in a letter to Mr. Peter CoUinson, 
written in the early summer of 1747 : ' Chagrined a little that 
we have not been able to produce hitherto anything in the way 
of use to mankind,' he wrote, ' and the hot weather coming 
on, when electrical experiments are not so agreeable, it is 
proposed to put an end to them, for this season, in a party 
of pleasure on the banks of the Schuylkill. Spirits at this 
party are to be fired by a spark sent from side to side 
through the river, without any other conductor than the 
water : an experiment which we some time since performed, 
to the amazement of many. Then a turkey is to be killed 
for our dinner by the electrical shock, and roasted by the 
electrical jack, before a fire kindled by the electrified bottle, 
when the healths of all the famous electricians in England, 
Holland, France, and Germany are to be drunk in electrified 
bumpers, under the discharge of guns from the electrical 
battery.' 

The longer he experimented, the more fascinated grew 
Benjamin Franklin with his study of the phenomena of 
electricity. In order to be able to devote himself com- 
pletely to hia darling science, he sold his printing and 
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publishing business in the year 1748, and went to live in a 
suburb of Philadelphia, not far from the banks of the 
Delaware. At the same time he purchased a complete set 
of electrical apparatus, the best that had yet been manu- 
factured, which had been brought over from Europe by the 
same Dr. Spence who had given him his first ideas about 
electricity at Boston. With these more perfect means he 
now continued his investigations, arriving before long at 
results that formed an epoch- in the history of electricity. 

The results achieved were wholly of a practical kind. 
With that strong common sense which formed the most 
marked feature of his character, Benjamin Franklin, at a 
very early period of his experiments, came to the conclusion 
that of the actual nature of electricity we know nothing, 
and, in all probabiUty, never can know anything, with our 
finite senses. But, never losing sight of this starting point, 
he treated electricity as astronomers do the movement of 
the heavenly bodies. Of the incomprehensible forces that 
keep countless worlds in their courses through measureless 
space, astronomers know no more than the most ignorant of 
mankind ; stUl they are able to arrive at very accurate 
calculations concerning the directions followed by stars and 
planets, and the amount of time consumed in their wanderings 
through the inconceivable universe. To such astronomical 
endeavours FrankUn limited all his researches, and it was 
precisely because he so Umited them that he achieved 
greater successes than any other investigator of the phe- 
nomena of electricity. 

Tt^ether with many smaller matters, Benjamin Franklin 
added three great discoveries to the knowledge of electricity. 
Tlie first was that the electric fluid — so called for want of a 
better word to express the action of the mysterious force — 
will run its course more easily and quickly through sharply 
pointed metals than in any otlier way. This had never 
before been demonstrated, nor, probably, been ascertained. 
The second great discovery of Franklin was that of positive 
and negative electricity, or, as he called it for some time, 
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plus and minttSt t^e latter names being really the most 
descriptive. Of the actual existence of these two divisions 
of the great and marvellous agency, now attracting and now 
repelling each other, much was known previous to Franklin, 
but he was the first to make them clearly understood, 
and to bring their effects within reach of calculation. To 
these two discoveries Benjamin Franklin added a third, the 
greatest of all. He established the identity between the 
electric force and lightning, and upon it based one of the 
noblest inventions of all ages, that of the Ughtning conductor. 
And perhaps there never was any invention acknowledged 
more deeply by mankind. The French Academy expressed 
it when, on Franklin's entrance, all the members rose, and 
the President exclaimed ' Eripuit ctebfulmen.' 

The identity of the electric force and lightning, vaguely 
surmised by previous inquirers, and expressed at times in 
hints, was not only firmly asserted by Benjamin Franklin, 
but at a comparatively early part of his investigations 
proved by him in experiments. His broad practical way 
of looking at facts succeeded in grasping a truth which all 
the learned men before him, who had busied themselves 
with electrical experiments, had not been able to lay hold of, 
simply because they lost themselves in philosophical ab- 
stractions. The professors sought the unattainable, and he 
confined himself strictly to what he considered within reach, 
and it was thus he gained his end. 

The thoroughly matter-of-fact way in which Franklin 
went to work is strikingly exhibited in his own description 
as to how he came to the conclusion of the oneness of 
lightning and electricity. In reply to a friend and corre- 
spondent, living in South Carolina, who had asked him how 
he came to such an ' out-of-the-way idea ' as that of the 
majestic fire from the cloud-capped firmament being exactly 
the same with tlie puny gleam from a stick of glass, rubbed 
with the sleeve of an old coat, Franklin wrote a highly 
characteristic letter. 'I cannot answer your question 
better,' he told his friend, ' tlian by giving you an extract 
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from the minutes I used to keep of the experiments I made. 
By this extract you will see that the thought was not so 
much an out-of-the-way one but that it might have oc- 
curred to any electrician. The extract, dated November 7, 
1749 — a date worth remembrance in the history of scien- 
tific prt^resa — ^was as follows in ita entirety : — ' Electri- 
cal fluid agrees with lightning, in these particulars : 1. 
Giving light. 2. The colour of the light. 3. In the 
crooked direction of the flame. 4. In the swift motion. 
5. In being conducted by metals. 6. In the crack, or 
noise, of the explosion. 7. The subsisting in water, or ice. 
8. In the rending of bodies it passes through. 9. In de- 
stroying animals. 10. In melting metals. 11. In firing 
inflammable substances. 12. The sulphurous smell. The 
electric fluid is attracted by pomts, and we do not know 
whether this property is in lightning. But since they agree 
in aU the particulars wherein we can already compare them, 
is it not probable that they agree likewise in this P Let the 
experimmt be made.' 
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DISCOVERT OP THE LIGHTNIXG CONDUCTOR. 

Wtth that liberality which distinguishes all truly great minds, 
Benjamin Franklin did not keep his great discoveries to 
himself, but communicated them to others in the most 
open-handed manner. Ever since he had commenced hia 
electrical experiments, he hid sent the detailed results of 
them to his London correspondent, Mr. Peter Collinson, for 
communication to the Royal Society, and he was not even pre- 
vented from continuing the labour of writing long letters 
by the knowledge of the fact that scant notice was taken of 
them by the Royal Society. The members of this august 
learned body, with a few lionourable exceptions, seemed 
imable to hide their contempt for what they considered the 
dabbling in science of a mere tradesman, living in an 
obscure little town, in a distant colony. Somebody had 
mentioned in public that this person, of the name of Eranklin, 
was a dealer in rags and goose-feathers, dwelling among 
money-worshipping Quakers in the City of Brotherly Love : 
which naturally was productive of great merriment, but 
detrimental to scientific respect. Thus, although by the 
influence of Mr. Collinson and some of his friends, the letters 
from Philadelphia were read before the Royal Society, they 
met with scarcely any attention, and the members broadly 
expressed their disdain of them by refusing to allow their 
insertion in their ' Transactions.' Three whole years elapsed 
in this way, when at length, in the autumn of 1750, 
Benjamin Eranklin reported to Mr. Collinson his researches 
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on the identity of electricity and lightning, together with his 
ideas that all damage done by the electric fire descending 
from the clouds upon the earth might be put a stop to by 
fixing iron rods, with sharp points, to the summit of build- 
ings, which would thus be protected. He added that he 
himself intended shortly to verify his conclusions by experi- 
ments, but that, in tlie meanwhile, it would be well if otliers 
did the same. Never before, perhaps, was a grand idea 
thrown out to all the world with more munificence of spirit, 
and with more entire abnegation of tlie very thought of self. 

Franklin's letter made a great impression upon Mr. 
CoUinson. Anxious to make it public, while persuaded that 
the Koyal Society would give no better reception to it tlian 
to the author's previous communications, he hastened to Mr. 
Edward Cave, proprietor and editor of the 'Gentleman's 
Magazine,' and asked him to print it in his publication, the 
most widely read at the time. A man of quick sense, Mr. 
Cave, too, saw at once the vast importance of Franklin's 
paper, describing his discovery, and readily ofiered to print 
it, but recommended that it should be done in pamphlet form, 
as likely to make the facts even more extensively known than 
could be tlie case in his own Magazine. This having been 
agreed to, there appeared, early in May 1751, a pamphlet 
with the name of Benjamin Franklin on the front page, and 
a preface by Dr. Fothei^ill, entitled, ' New Experiments and 
Observations in Electricity, made at Philadelphia, in America.' 
It was the most important contribution to science published 
since the appearance, five-and-thirty years before, of New- 
ton's ' Principia.' 

Like Newton's book, that of Franklin was not imme- 
diately successful — at least not in England. Not appearing 
, under the patronage of the Royal Society, the supposed 
fountain-head of all legitimate science, it was looked coldly 
upon by the public and the critics, and it was only after having 
been greeted with immense applause in France, that at last 
something like justice was done to it in England. The great 
success of Franklin's little treatise in France was due, in the 
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first instance, to rather accidental circumstances, but was 
none the less genuine. By a happy chance a copy of the 
pamphlet printed by Mr. Cave fell into the hands of the 
Count de Buffon, the greatest naturalist of the age, and 
whose pre-eminent position was established not only in 
France, but throughout the whole of Europe. Himself 
famihar with the English language, he yet thought that it 
was necessary to have the book immediately translated 
into French, and he employed for the purpose Professor 
Duboiu-g, a literary man of note, well versed in electrical 
science. Under such favourable auspices, Franklin's pamphlet, 
carefully translated, was issued at Paris in the summer of 
1751, three or four months after its appearance in London. 
Its success in France was as immediate as it was great, and 
the wave of it spread at once over Europe, marked by 
German, Itahan, and Latin translations of the ' New Experi- 
ments.' For a considerable time nothing wae talked of 
among the upper classes of Prance but the discoveries in 
science of the unknown Philadelphia printer, and the king, 
Louis XV., following the fashion of the day, ordered a 
course of the electrical experiments, described by Franklin, 
to be performed before him at St. Germain, in the presence 
of the whole court. 

A rather ludicrous incident, and which gave rise to a great 
deal of scientific toumamenting, added to the celebrity of 
Franklin's little book on the continent of Europe. The 
greatest of French electricians, Abb^ Nollet, a man of 
acknowledged merit, but inordinately vain, was mystified in 
beUeving that the pamphlet which caused such an immense 
stir at court and among the public was not the production 
of the obscure man Franklin of Philadelphia, but got up 
among his enemies in England and France, to rob him of his 
reputation. With this beUef fixed in his mind, he sat down 
at his desk to write a series of letters intended to demolish 
the man of Philadelphia, and proving, entirely to his own 
satisfaction, first, that Franklin did not exist at aU ; secondly, 
that he had no right to exist ; and thirdly, that all his pre- 
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tended discoverieB were mere dreams. Not long after the 
publication of his letters, the wrathfiil Abh6 received 
undoubted proofs from America that at Philadelphia there 
was a man called Franklin, who himself mildly asserted his 
right not only to live, but to make experiments in electricity. 
Poor AbM Nollet felt his humihation all the more keenly as 
holding the post of preceptor in Natural Philosophy to the 
royal family of France, and he had to suffer from a ' burst of 
inextinguishable laughter ' at one of bis appearances at 
court. 

If Count de Buffon did great service to electrical science 
by getting Franklin's pamphlet translated into French, he 
did still more by instigating a aeries of experiments tending 
to verify the great theory put forward in the pamphlet, that 
lightning coidd be drawn from the clouds by means of 
pointed iron rods. By his prompting, several gentlemen 
interested in scientific pursuits engi^ed upon trials to this 
effect, among them two persons of note, M. Dalibard and 
M. de Lor. The first^named had the good fortune to be 
successful, and thereby to hand his name down to posterity. 
A wealthy man of science, M. Dahbard was in the habit of 
Uving, during a part of the year, in a handsome country 
house situated at Marly-la-Ville, about eighteen miles from 
Paris, on the road to Pontoise. Marly-la-Ville stands on a 
high plain, some four hundred feet above the sea-level, and 
the residence of M. Dalibard being situated on the most 
elevated part of the ground, it formed an excellent place for 
experiments, and was chosen as such by Count de Buffon. 
The garden near the house was selected as the best ground 
for the experiments. A wooden scaffolding was built up to 
hold in its midst an iron rod, eighty feet long, and slightly 
over an inch in diameter. On the top of tlie rod was 
fastened a piece of polished steel, sharply pointed, and 
bronzed to prevent rust. The iron rod entered, five feet from 
the ground, into another thinner one, running horizontally 
towards an electrical apparatus, fastened to a table in a kind 
of sentry-box, erected on purpose for observations. It was 
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M. Dalibard's intention to make the esperiments himself; 
but abnoat immediately after the structure in his garden 
had been completed, he was called by business to Paris, and 
left the whole in chaise of one of his servants, an old soldier, 
formerly in the French dragoons, Coiffier by name. WiUi 
true military spirit, Coiffier thought that he ought to spend 
the greater part of his time in the sentry-box in his master's 
garden, and there he sat in the aftremoou of Wednesday, 
May 10, 1752, when a violent thunderstorm drifted over the 
plain of Marly. Sufficiently instructed by his master what 
to do under the circumstauces, he touched the electrical 
apparatus with a key, silk-bound at the hauille, and to his 
extreme surprise, sees a flame bursting forth. He touches 
anotlier time, and there is a second flame bursting forth, 
stronger than before. Then the old dr^oon rushes from 
his sentry-box — most famous private dragoon that ever 
Kved, boni to the high honour of being the first man tliat - 
ever drew lightning from heaven. 

It was not fear that drove the worthy servant of M. 
Dalibard from his post, but a far better motive. He judged, 
with tlie prudence of an old soldier, that the astoundii^ 
things he had seen required witnesses, in order that his 
master might not think him an inventor of fairy tales. 
Accordingly, he hurried to the house of the prior of Marly, 
M. Raulet, who lived close by, and asked him to behold the 
marvel of marvels. The prior hesitated not for a moment 
to go, and, entering the seatry-box, he also drew sparks 
from the electrical machine. Others of the inhabitants of 
Marly-la- Ville, seeing the prior run, followed in his wake, 
notwithstanding the rain was pouring down in streams, and 
terror was struck among all of them in witnessing the 
dreaded hghtning creep down, serpent-Uke, but bereft of all 
its terrors, into the sentry-box, in tlie centre of which stood 
the now exulting old dragoon. As soon as tlie slorm was 
over, the prior insisted upon Coiffier at once saddling a 
horse, and riding fiill speed to Paris, to acquaint his master 
with the great news that lightning had been drawn from the 
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skies by his apparatus at tlie blessed vill^e of Marly-la- 
Ville. The obedient dragoon did a& advised, and three 
days after, on May IS, 1752, M. Dalibard startled all the 
members of the Academie des Sciences of Paris, convoked 
together in haste, by reading to them a full report of what 
had taken place in the first great experiment for ascertaining 
the truth of the suggestions of Benjamin Franklin. 

All Europe soon rang with the report of the marvellous 
discovery verified at Marly-la-Ville. But before the news 
of the experiment made at the village near Paris had reached 
America, Benjamin Franklin had made another, which, if 
not more conclusive, was at least more original. Ever since 
he had arrived at his great conclusion regarding the same- 
ness of electricity and hghtning, and the possibihty of con- 
ducting the latter to the ground harmlessly, by means of 
pointed rods, the discerning citizen of Philadelphia had tried 
hard to find some means for putting his ideas to a practical 
test, but met with apparently insurmountable difficulties. 
His first plan was to set up simply a tall iron rod near his 
house ; but he abandoned this on ascertaining, by measure- 
ment, that nearly all stormclouds passed over Philadelphia, 
which was situated in a plain, at a height of several hundred 
feet. Inhis then state ofknowledge, he fancied that it was im- 
possible for him to reach the clouds in this manner. He next 
resolved to await the building of an intended steeple for the 
principal ecclesiastical edifice, and highest building of Phila- 
delphia, Christ Church. At that time not a steeple pierced 
the sky in all the extent of the * Quaker city ; ' nor was there 
a single one in the whole State of Pennsylvania. But though 
Franklin made immense efforts to get the steeple erected, 
starting a lottery for the purpose, and subscribing largely to 
the funds, the work made httle or no progress, many of tlie 
principal inhabitants of the city being, from their reUgioua 
opinions, averse to the project. At last, getting impatient, 
Franklin's ingenuity hit upon the simplest of all means for 
verifying his great discovery. 

One day he saw a boy flying a kite, and the thought in- 
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stantly occurred to him that here waa the straight road 
from the earth to the thunderclouds. Accordingly, he at 
once set to make a kite for his intended experiments ; but 
fearing he would incur the ridiciUe of his sober fellow- 
citizens in engaging in what might seem to them a childish 
undertaking, he kept the whole matter a profound secret. 
The kite he made was not distinguished from those used by 
boys except of being made of silk instead of paper so as to 
be able to stand the wet. Franklin took an ordinary silk 
pocket-handkerchief, and fastened it over a cross made of 
two light strips of cedar, by simply tying the four comers of 
the handkerchief to the ends of the sticks. He nest fastened 
a thin iron wire, a foot long, to the top of the kite, and 
having provided it with a loop and tail, attaching to the 
former a roll of twine, all was ready for the experiment. 
Watching the skies diligently, he saw a dark thundercloud 
coming up over Philadelphia late in the evening of July 4, 
1752, and at once sallied forth from his house, situated at 
the comer of Race and Eight streets, into a neighbouring 
field. There was nobody with him but his eldest son, a 
lad of about twenty ; and, in order to get protection against 
the heavy downpour, as well as to hide from the gaze of 
passers-by, the two sought shelter under an old cow-shed. 
Very likely, had they been seen here at the time, the philo- 
sopher and son might have been taken for two escaped 
lunatics, seeking so propitious an occasion as a thunderstorm 
to fly their darUng kite. Perhaps Franklin too felt a little 
foolish, for he waa about relinquishing his experiment after 
several flashes of lightning which had not in the least dis- 
turbed his kite, when a cloud darker than the previous one 
came roUing up. All on a sudden, Franklin felt a smart 
shock, and saw a spark flashing before his eyes. He had 
fastened the twine holding his kite to a silk ribbon which 
he held in his hand, joining twine and silk by a large key, 
attached to a Leyden jar. The latter at once became heavily 
charged, and as shock followed upon shock, and flash upon 
flash, there vanished all doubt from Franklin's mind as to 
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the absolute truth of the grand discovery he had made. It 
may be imagined with what inward satisfaction the great 
citizen of Philadelphia drew in his kite, and crept out from 
under the cow-shed, when the storm was over, and went 
home exultingly, the happiest of philosophers. 

The experiment of Benjamin Franklin in drawing, as 
he thought, the electricity of stormclouds to the ground 
by his kite, and thereby demonstrating the necessity for the 
establishment of lightning conductors, for the protection of 
persons and buildings, was accepted as thoroughly satis- 
factory by the whole scientific world of Europe at that time. 
iFrankhn was wrong, however, in supposing that the light- 
ning had really passed along his kite-string from the clouds 
to the earth, for, had this been the case, he would un- 
doubtedly have been killed. What he witnessed was merely 
the inductive action of the thundercloud on the kite and 
string. There had been some doubts in respect to the 
experiment made, at the suggestion of Franklin's pamphlet, 
at Marly-la-Ville, since all the witnesses were inexperienced 
persons, entirely unacquainted with the phenomena of 
electricity ; but there could be none whatever as regarded 
that tried by the originator himself, and pronounced satis- 
factory by him. The fame of the wonderful discovery 
spread witli extraordinary swiftness through the civilized 
world. Praises and congratulations flowed in upon the 
hitherto obscure citizen of Philadelphia from all sides. The 
king of France sent him a letter, full of comphments ; the 
Eoyal Society of London voted him their gold medal, modestly 
claiming a share in his work ; and nearly all tlie scientific 
bodies of France, Germany, and Italy elected him an 
honorary member. But the praise of which Franklin had 
most reason to be proud came from the great philosopher 
Immanuel Kant. The sage of Kbnigsberg grandly called 
him the modern Prometheus, bringing fire from heaven. 
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CHAPTER m. 

EABLY BXPEEIHENTS WITH LlGUTlflNQ CONQUUTOBS. 

The first actual lightning conductor ever constructed was 
set up by Benjamin Franklin himself, at his house in Phila- 
delphia. Its main object was to protect the house against 
the effects of thunderstorms ; still experiments were so dear 
to the heart of the great discoverer, that he could not help 
making trials even with things devoted to other uses. It 
was in the summer of 1752 that PranMin erected over his 
house a lightning conductor, made entirely of iron, but witli 
a sharp steel point on the top, the latter projecting seven or 
eight feet above the roof, while the end was above five feet 
in the ground. Curious to know whenever an electrical 
stream was passing through the conductor, he attached to 
it an ingenious contrivance, by means of which through an 
electric spark two bells were set in movement as soon as 
this took place, the greater or lesser noise from them corre- 
sponding with the strength of the electrical current. "With 
the aid of this device Frankhn was enabled to observe some 
curious phenomena, which at first puzzled liim not a Uttle. 
' I found the bella rang sometimes,' he informed a friend, 
' when there was no lightning or thunder, but only a dark 
cloud over the rod ; that sometimes, after a flash of hght- 
ning, they would suddenly stop, and at other times, when 
tliey had not rung before, they would, after a flash, suddenly 
begin to ring ; that tlie electricity was sometimes very faiut, 
so that when a small spark was obtained, another could not 
be got for some time after. At other times, the sparks 
would follow extremely quickly ; and once I had a continual 
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stream from bell to bell, the size of a crow-quill. Even 
during the same gust there were considerable variations.' 
By continued watching, Franklin came to make the discovery 
that the fluctuations in the electrical current were owing to 
changes and interchanges, in atmosphere and earth, of posi- 
tive and negative electricity. He held at first that thunder- 
clouds are usually in a negative st-ate of electricity, but 
afterwards discoveretl that they varied from negative to 
positive during the same storm. 

Notwithstanding tlie unbounded praises bestowed ujioii 
Benjamin Franklin for the great discovery of tlie lightning 
conductor, the actual adaptation of it spread with extreme 
slowness. It was in the country of its origin that it was 
brought into public use, all the countries of Europe h^ging 
far behind. But even in the Northern States of America, 
though inhabited by a highly intelligent race, there were 
great difficulties to overcome. The ministers of rehgion at 
first seemed to think that the iron rods were not altogether 
free from the suspicion of infideUty. Franklin himself had 
the reputation of being a free-thinker, and indeed never hid 
from others the fact of his being accustomed to examine all 
matters by the light of his own reason, and to believe 
nothing that he could not understand. Perhaps on the 
same ground many of the New England ministers did not 
believe in hghtning conductors. They could not understand 
them. A heavy shock of earthquake was felt throughout 
Massachusetts in tlie summer of 1755, whereupon a Boston 
clei^yman instantly came forward, denouncing in eloquent 
strains the erection of a number of hghtning conductors 
which had taken place. The high iron rods, he gravely 
maintained, had been the cause of the earthquake, by 
drawing vast masses of electricity from the atmosphere into 
the ground. A distinguished friend of Franklin, Professor 
Winthrop, of Harvaixl College, thought it necessary to come 
forward and defend hghtning conductors against the accusa- 
tion of accumulating electricity, but without convincing tlic 
plaintiff. A different charge, atill more serious in tlie eyes 
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of pious people, had been made against lightning conductors 
some years before. Another Boston clergyman, coming 
forward in 1770, opposed the use of Franklin'a iron rods on 
the ground that, as the lightning was one of the acknowledged 
means of punishing the sins of mankind, and of warning 
them from the commission of acts of wickedness, it was im- 
pious ' to prevent the execution of the wrath of heaven.' To 
this gentleman also Professor Winthrop deemed it requisite 
to reply. Frankliu himself remained silent, wrapping himself 
in the mantle of the sage. But he allowed his friend 
Ebenezer Kinnersley, of Philadelphia, who went traveUing, 
by his wish and partly at his cost, through the principal 
towns and vill^es of the New England States, to explain to 
the people the uses and advantages of lightning conductors, 
to preface all his lectures by the announcement that the 
erection of iron rods to protect houses from the effects of 
thunderstorms was not an act ' chargeable with presumption, 
nor inconsistent with any of the principles either of natural 
or revealed rehgion.' 

In the gradual spread of lightning conductors through 
the British colonies of North America, Franklin himself took 
the leading part. He employed all his leisure time, engrossed 
- though it was more and more by political affairs, in which 
he was destined to take a world-famous part, in going from 
one part of the country to another, advocating the use of 
conductors, advising aa to tlie best mode of their con- 
struction, and, whenever he could, examining into the effects 
of strokes of lightning upon buildings. How minute he was 
in these inspections, and how practical in the conclusions he 
almost invariably drew from them, Franklin gives proof in 
one of his letters addressed to his friend CoUinson in London. 
He tells him that he inspected the church of Newbury, in 
Massachusetts, which had been struck by lightning, and 
traced, foot by foot and inch by inch, the road which the 
electric current had taken, creating great havoc and destruc- 
tion. ' The steeple,' he says, ' was a square tower of wood, 
reaching seventy feet up from the ground to the place where 
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the bell hung, over which rose a taper spire, of wood like- 
wise, reaching seventy feet higher, to the vane of the 
weather-cock. Near the bell waa fixed an iron hammer to 
strike the hours ; and &om the tail of the hammer a wire 
went down through a small gimlet-hole in the floor the bell 
stood upon ; then horizontally under and near the plastered 
ceiling of that second floor, till it came to a wall ; and then 
down by the side of this wall to a clock which stood about 
twenty feet below the bell. Tlie wire was not bigger than a 
common knitting-needle.' It surprised Frankhn that 'the 
lightning passed between the hammer and the clock in this 
wire, without hurting either of the floors, or having any 
eflect upon them, except making the gimlet-holes, through 
which the wire passed, a Uttle bigger, and without hurting 
the wall or any part of the building.' The inference he 
drew from this was, that even a comparatively thin mass of 
metal would give paas^e to a powerful electric stream. 
' The quantity of hghtning that passed through the steeple,' 
he informed his correspondent, ' must have been very great, 
as shown by its efl*ects on the lofty spire above the bell, and 
on the square tower below the end of the clock pendulum ; 
and yet, great as this quantity was, it was conducted by a 
small wire and a clock pendulum, without tlie least damage 
to the building as far as they extended.' 

Besides travelling and employing lecturers, to make the 
advantages of lightning conductors known, Frankhn found 
means of doing so in an annual pubhcation he had started 
in the year 1732, known as * Poor Richard.' This almanac, 
humorous in form but very serious in substance, which had 
acquired an enormous circulation, proved in the end the 
most powerful instrument for sjireading information on the 
great subject dear, above all others, to Franklin's heart, and 
leading his countrymen to adopt, before all other nations, 
the wonderful metal rod, protective against ' the wrath of 
heaven.' In several of the editions of the almanac, notably 
the' Poor Richard ' for the year 1758, Franklin drew atten- 
tion to his lightning conductors in simple advertisements, 
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drawn up in a spirit of absolutely touching modesty and 
self-abnegation. Not seeking the slightest reward for him- 
self, nor even mentioning his name, he only sought to benefit 
others by instructing them how to get protection against the 
dangers of lightning. 'It has pleased God,' ran the advertise- 
ment in the almanac, ' in His goodness to mankind, at length 
to discover to them the means of securing their habitations 
and other buildings from mischief by thunder and lightning. 
The method is this : — Provide a small iron rod, which may 
be made of the rod-iron used by nwlers, but of such a length 
that, one end being three or four feet in the moist ground, 
the other may be six or eight feet above the highest part of 
the building. To the upper end of the rod fasten about a 
foot of brass wire, the size of a common knitting-needle, 
sharpened to a fine point ; the rod may be secured on the 
house by a few small staples. If the house or bam be long, 
there may be a rod and point at each end, and a middhng 
wire along the ridge from one to the other. A house thus 
furnished will not be damaged by lightning, it being attracted 
by the points and passing through the metal into the ground 
without hurting anything. Vessels also, having a sharp- 
pointed rod fixed on the top of their masts, with a wire 
from the foot of the rod reaching down round one of the 
shrouds to the water, will not be hurt by lightning.' 
Frankhn had occasion subsequently greatly to modify the 
advice here given. He early discovered his error of light- 
ning being * attracted by the points ; ' and also found that 
his recommendation to people to construct their own light- 
ning conductors only led to grievous calamities. There 
came reports from all sides of houses having been severely 
damaged by lightning notwithstanding having conductors, 
and close investigation soon showed that in every instance 
the apparatus was defective, having been erected by un- 
skilful hands, either the owners themselves, or a set of 
wandering impostors, who soon made themselves notorious 
as * lightning-rod men.' 

Having improved in various ways the lightning condnctor 
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set up experimentally over his own house, Franklin erected 
a second one, of larger dimensions, to protect the residence 
of one of his friends, Mr. West, a wealthy merchant of 
Philadelphia. The apparatus, constructed entirely under 
the supervision of Franklin, consisted of an iron rod half 
an inch in diameter throughout its length, and ending at the 
bottom in a thick iron stake, driven four or five feet into 
the ground. The top of the conductor, rising nine feet 
above the central stack of chimneys, was formed by a brass 
wire ten inches in length, tapering off in a sharp point. 
Franklin considered the brass wire, which was screwed and 
soldered inside the iron rod, a great improvement upon 
simple iron, having discovered brass, as well as copper, to 
be better conductors of electricity. The result justified his 
expectations. Not many months after the lightning con- 
ductor had been erected over the mansion of Mr. West, a 
thunderstorm more severe than had been experienced for 
many years broke over Philadelphia. Vivid flashes of 
lightning followed each other incessantly, one of them 
striking, visible to all beholders, the house of Mr. West, 
touching the point of the conductor on the roof, and ap- 
pearing ^ain on its base in a thin sheet of flame. Naturally, 
Franklin was delighted at this first notable result of his 
grand discovery, and lost no time in examining the traces 
of the lightning over his conductor. He found that the 
sharp metal point at the upper end had been melted, and 
the small brass wire reduced from ten to seven and a half 
inches, with its top very blunt. The thinnest part of the 
wire, he saw at once, had disappeared in smoke, while the 
portion below it, a little thicker, had simply been liquefied, 
sinking down while in a fluid state, and forming a rough 
irregular cap, lower on one side than on the other. This 
was a highly interesting test, showing that the wire on the 
summit of the conductor must not be made too thin, so as 
to be liable to be burnt. But still more interesting to 
Franklin was the investigation of the report, confirmed on 
all sides, that a sheet of flame had been seen at the base of 
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the conductor, where it was connected with tlie earth. He 
at once suspected that the earth at the point, and down to 
the end of the metal rod, had been very dry, and such 
indeed was the case. Hence he arrived at the conclusion 
that all conductors should go deep enough into the earth to 
find sufficient moisture quickly to dissipate the electric fluid. 
All subsequent experience, down to the present day, has 
proved that the inference of the practical philosopher of 
Philadelphia was as sound in this respect as in the rest of 
his ever clear and lucid judgments. 

Like most other inventions and discoveries, that of the 
Ughtning conductor was destined not to be without its early 
martyrs. Among the many searchers in the science of 
electricity on the continent of Europe who had eagerly 
seized the ideas of Benjamin Frankhn, and entered enthusi- 
astically upon the experiments recommended by him, was 
Professor George Wilhelm Kichmann, of St. Petersburg. He 
had conceived some theories of his own regarding electrical 
discharges, and constructed for experimental purposes an 
apparatus which he called the ' gnomon,' one of the uses of 
which was to measure the comparative strength of electrical 
currents. The instrument consisted of a tube of metal, ter- 
minating in a small glass vessel, into which, for some 
unknown reason, he put a quantity of brass filings. 
Attached to the tube of metal, at its top, was a chain, so 
arranged as to be easily attached or detached from it, and 
this was fastened to an iron rod going to the roof, in the 
form of a lightning conductor, as prescribed by Frankhn. 
It seems to have been the notion of the professor that he 
might lead the electrical current from the clouds down into 
his ' gnomon ' bottle, there to measure its strength ; though 
it is difficult to conceive how a man acquainted with the 
manifestations of the mystic force with which he was experi^ 
menting, and knowing its powerful effects, should not have 
perceived the extreme danger of thus leading it into a non- 
conducting element. However, the enthusiastic man, evi- 
dently bhnd to all consequences, set out on his course of 
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experiments. A violent thunderstorm coming over St. 
Petersburg on August 6, 1753, Professor Eichmann liurried 
to his ' gnomon,' attached the chain to the phial, and then 
stood to watch the effect, with not more than a foot and a 
half distance between his head and the glass tube. Near 
him, but further behind, stood a friend, M. Solokow, who 
was going to make a drawing of the electrical apparatus. 
All on a sudden, there came a terrible flash of lightning, 
described as ' a baU of fire ' by M. Solokow, dxfwn from the 
skies, falling upon the ' gnomon ' and springing from thence 
upon Professor Richmann, laid the latter dead on the floor, 
and his companion senseless. 

When the body of the unfortunate professor came to be 
examined, it was found tliat the electric current had passed 
right through him, entering at the forehead, and coming out 
at the sole of the left foot, both places being distinctly 
marked by red spots and small perforations, Uke those of a 
needle. There were no other marks of injury visible, either 
inwardly or outwardly, except a number of red and blue 
spots over the back and shoulders, which grew lai^er the 
day after, and seemed to bring with them symptoms of rapid 
decay. Some of the medical men attending the * post mortem ' 
examination -were most desirous to enter into further obser- 
vations, so as to ascertain, if possible, the actual cause which 
produced death by a stroke of hghtning, but they had no 
opportunity. When they returned to the professor's house, 
the second day after his death, the body was already so far 
decomposed as to be unrecognisable, and it was with difliculty 
that the remains of the first martyr of appUed electricity 
could be got into a coffin and carried to their last resting- 
place. 

The appalling death of Professor Eichmann produced an 
enormous commotion, far beyond what might be expected 
from a similar event, throughout the learned world of 
Europe. In France especially the occurrence created the 
deepest impression, mingled with admiration of what was 
called the ' glorious death ' of the St. Petersburg professor, 
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and more than one stiii.lent of electrical science boldly 
declared his determination to become a martyr in the same 
noble cauae. But reflection, probably, brought better 
counsel, for, as it happened, there were no more contribu- 
tions, for the time being, to the roll of martyrs. 
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CHAPTER IV 

GRADUAL SPREAD 'OP UGHTNINO CONDULTORS IN EUROPE. 

In singular contrast with the burst of applause with which 
the whole scientific world of Europe received the great dia- 
covery of Benjamin Franklin, was the extreme slowness of 
the actual introduction into Europe of lightning conductors. 
The opposition they met with in FrankUn'a own country wa3 
trifling to that which they encountered in the principal 
states of Europe, more particularly in England and France. 
It was natural, perhaps, that the lower classes — ultra- 
conservative, through the mere effect of ignorance, in every 
couutry in the world — should see danger in the setting-up 
of iron rods which, aa they were told, drew lightning from 
the skies ; and it was, perhaps, equally natural that reli- 
gious fanatics should regard them with extreme suspicion, 
as removing one of their imagined instruments of heaven for 
punishing sinful mortals. Both these classes, the untaught 
multitude and the bigoted zealots, opposed in Europe, as 
they did in America, the establishment of Ughtiiing con- 
ductors ; but to the strength of these parties was unexpec- 
tedly added a third in a not numerous but powerful section 
of learned literary men. They were chiefly French, but 
had many adherents in England, as well as in Germany, tlie 
savans of both countries looking then upon France as the seat 
of all science, and indeed human knowledge. 

The opposition raised against hghtning conductors in 
France was entirely personal, its origin being due to the 
wounded vanity of a very esiimable but hkewise a very 
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weak man, the already mentioned Abb6 Nollet. Born in 
1700, the Abb^ had very early in hfe gained renown for his 
scientific researches, and after a while devoted much of his 
time to electrical experiments, in conjunction with two other 
celebrated men, Dufay and De Reaumur, When the report 
of Franklin's discoveries arrived in Europe, the Abb^ Nollet 
was generally looked upon as the greatest of living ' electri- 
cians,' and the general homage paid to him having roused 
his self-esteem to an inordinate degree, he got fiercely 
irritated that another man, a previously quite unknown 
person, in a distant land, should have dared to snatch from 
him his scientific laurels. Accordingly, he used all his 
influence among the public, in the scientific world, and at 
the French court, where he held a high position as tutor of 
the King's children, not only to depreciate Franklin's 
lightning conductors, but to set thera down as something like 
an imposture. In various treatises and articles published in 
learned papers, Abb^ Nollet sought to prove that the person 
called Benjamin Franklin — in whose very existence he 
formerly refuaed to beheve, but which he now grudgingly 
acknowledged — ^was an individual unacquainted even with 
the first principles of the science of electricity, and that his 
proposal for protecting houses against lightning was so ab- 
surd as not to be worth engaging the attention of any thinking 
man. More than this, he argued that the proposed lightning 
conductors were not only inefficacious, but positively 
dangerous. By thus joining in the vulgar cry of lightning 
being, so to speak, sucked from the clouds by Franklin's 
conductors, the learned Abbe had the satisfaction of retard- 
ing their introduction in his own, as well as other European 
countries, for a number of years. 

In France itself the thus awakened resistance to the 
setting-up of lightning conductors was strikingly shown by 
an incident which occurred at the town of St. Omer, not far 
from Calais. A manufeicturer settled here, who had been in 
America, and there learnt to appreciate the usefulness of 
Franklin's lightning conductors, had one made for his own 
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house, and quietly fixed it to wall and roof. But the popu- 
lace no sooner heard of it when there arose a pubhc distur- 
bance, and the iron rod was torn down by force. So far 
from repressing the rioters, tlie municipahty of St. Omer, 
acting under priestly influence, forbade the manufacturer to 
erect another hghtning conductor, on the ground that it was 
* against law and religion.' Thereupon the bold manufac- 
turer, a man of Enghsh descent, to try his right, appealed 
to the tribunals, and the judges at last, after protracted 
pleadings, not being able to discover any statutes against 
the fastening of metal rods to buildings, declared that the 
thing might be done, but with precautions. The lawyer who 
pleaded the case of the lightning conductors before the 
French tribunals at this momentous period was a very 
young man, quite unknown to fame at the time, but destined 
for a superabundance of it. His name was Eobespierre. 

Perhaps the violent opposition which tlie erection of 
lightning conductors — or 'Franklin rods," as they were often 
called — met almost everywhere, would have proved more 
efibctive than it ultimately turned out, had not the great 
discoverer himself showed admirable temper in meeting his 
enemies, thus pouring oil upon the stormy waters. His 
calmness and confidence is admirably sliown in a letter, 
dated July 2, 1768, addressed to Professor John Winthrop, 
of Cambridge, in answer to one in which astonishment was 
expressed at the ' force of prejudice, even in an age of so 
much knowledge and free inquiry,' of not placing lightning 
conductors upon all elevated buildings. Franklin — or he 
must now be called Dr. FrankHn, having received the 
decrees of LL. D. and D. C. L. from the universities of St. 
Andrew's, Edinburgh, and Oxford — was residing in England 
at the time, as agent of the people of Pennsylvania. He was 
thoroughly acquainted with the state of public feeling, yet 
so far from being angry, smiled down upon it like a true 
philosopher. ' It is perliaps not so extraordinary,' lie ■\\TOte 
to his friend, 'that unlearned men, such as commonly com- 
pose our church vestries, should not yet be acquainted with. 
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and sensible of, the benefits of metal conductors in averting 
the stroke of lightning, and preserving our houses from its 
violent effects, or that they should still be prejudiced against 
the use of such conductors, when we see how long even 
philosophers, men of science and of great ingenuity, can 
hold out against the evidence of new knowledge tliat does 
not square with their preconceptions ; and how long men 
can retain a practice that is conformable to their prejudices, 
and expect a benefit from such practice, though constant 
experience shows its inutiUty. A late piece of the Abb6 
Nollet, printed last year in the Memoirs of the French 
Academy of Sciences, affords strong instances of this ; for 
though the very relations he gives of the effects of lightning 
in several churches and other buildings show clearly that it 
was conducted from one part to another by wires, gildings, 
and other pieces of metal that were within, or connected 
with the building, yet in the same paper he objects to the 
providing of metallic conductors without the building, as 
useless or dangerous. He cautions people not to ring the 
church bells during a thunderstorm, lest the lightning, in 
ita way to the earth, should be conducted down to them by 
the bell ropes, which are but bad conductors ; and yet he is 
against fixing metal rods on the outside of the steeple, which 
are known to be much better conductors, and through 
which lightning would certainly choose to pass, rather than 
through dry hemp. And though, for a thousand years past, 
churrJi bells have been solemnly consecrated by the Eomish 
Church, in expectation that the sound of such blessed bells 
would drive away thunderstorms, and secure buildings from 
the stroke of Ughtning ; and, during so long a period, it has 
not been found by experience, that places within the reach 
of such blessed sound are safer than others where it is never 
heard, but that, on the contrary, the lightning seems to 
strike steeples by choice, and at the very time the bells are 
ringing, yet still they continue to bless the new bells, and 
jangle the old ones whenever it thunders.' 

' One would think,' continues Dr. Franklin, with exquisite 
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humour, ' that it was now time to try some other trick. 
Ours is recommended, whatever the able French philosopher 
may say to the contrary, by more than twelve years' ex- 
perience, during which, among the great number of houses 
furnished with iron rods in North America, not one so 
guarded has been materially hurt by lightning, and many 
have been evidently preserved by tlieir means ; while a 
number of houses, churches, barns, ships, &c., in different 
places, unprovided with rods, have been struck and greatly 
damaged, demolislied, or burnt. Probably, the vestries of 
English churches are not generally well acquainted with 
these facts ; otherwise, since as good Protestants they have 
no faith in the blessing of bells, they would be less excusable 
in not providing this other security for their respective 
churches, and for the good people that may happen to be 
assembled in them during a tempest, especially as. these 
buildings, from their greater height, are more exposed to 
the stroke of lightning than our common dwellings.' 

While Franklin thus wrote of * the great number of 
houses furnished with iron rods in North America,' there 
was not a single public building so protected in England. 
Several private persona had adopted them for their houses, 
following the example of Dr. William Watson — subsequently 
Sir William — .vice-president of the Koyai Society, who had 
been the first to set up a lightning conductor in England, 
erecting one over his cott^e at Payncshill, near London, in 
1762. But notwithstanding the evident utility of the 
' Franklin rods,' they were refused where they were most 
wanted — for larger buildings, and particularly for churches. 
The ' unlearned men, such aa commonly compose our church 
vestries,' openly declared against them, and among tlie clei^ 
there was a steady, if often silent, antagonism to their intro- 
duction. The first movement towards its being upset was 
given by an occurrence which caused much commotion, and 
gave rise to a vast amount of discussion. On Sunday, June 
18, 1764:, a few minutes before three in the afternoon, the 
splendid steeple of St. Bride's Church, in the city of Ixtndon, 
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one of the architectural monuments of Sir Christopher Wren, 
was struck by hghtning, the flash being intensely vivid, 
bUnding several people. The damage done was so serious 
that about ninety feet of the steeple had to be taken down 
entirely, while great and expensive repairs were required 
for the rest. Dr. Watson, as the first introducer, so one of 
the chief promoters of FrankUn's invention in England, took 
this opportunity of publishing in the ' Philosophical Trans- 
actions ' a detailed account of the eflects of hghtning upon 
St. Bride's steeple, explaining the potency of conductors in 
the very action of the electric force. He showed how the 
lightning first struck the metaUic weathercock at the top of 
the steeple, and ran down, without injuring anything, the 
large iron bars by which it was supported. At the bottom 
of the bars, the electric force shattered a number of huge 
stones into fragments, to make its way to some other pieces 
of iron, inserted into the walls to give them strength. So 
it went on till there were no more metals, when havoc and 
destruction became the greatest. Thus, as Dr. Watson 
conclusively proved, the beautiful steeple of St. Bride was 
wilfully made over to ruin for want of a few hundred yards 
of iron, or other metal, which would lead the electric force 
harmlessly from the weathercock on the summit into the 
earth. He finished by telUng in the plainest terms, to all on 
whom devolved the duty of taking care of churches, that it 
was neglectful, even to criminality, not to protect them by 
conductors gainst the always imminent danger of being 
struck by lightning. 

The lay-sermon of Dr. Watson, deeply impressive by the 
power of the indisputable facts on which it was based, had 
a considerable effect in rousing pubhc opinion, finding ils 
way even into the dull ears of ' such as commonly compose 
church vestries.' Among the most important results was a 
step taken, after long and solemn deliberations, extending 
over several years, by the Dean and Chapter of St. Paul's. 
They made an application to the Royal Society, asking for 
advice as to the best means of protecting the great cathedral, 
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Sir Cliristopher Wren's noblest creation, against the perils 
of lightning. Tlie application was made on March 22, 1769, 
as recorded under that date in tlie ' Gentleman's Magazine.' 
' A letter from the Dean and Chapter of St. Paul's,' it was 
stated, ' was read at the Royal Society, requesting the 
direction of tliat learned body for the sudden effects of 
Uglitning. It was referred to a committee consisting of Dr. 
Franklyn (.vie). Dr. Watson, Mr. Canton, Mr. Edward Dela- 
val, and Mr. Wilson, who, after liaving examined the 
building, are to report their opinion.' The committee thus 
nominated embraced all the most eminent men of the day 
who had studied the phenomena of electricity, and in the 
order in which they ranked. Nest to tlie great discoverer 
of the lightning conductor himself. Dr. Watson could claim 
to stand ; and next to him Mr. John Canton, a most pains- 
taking and intelligent worker in the field, inventor of the 
pith-ball electrometer, and other instruments. 

But a curious element of discord pervaded from the first 
this small' conclave of learned men, chosen to decide the 
not unimportant question as to tlie best means of providing 
the cathedral of St. Paul with hghtning conductors. That 
the noble building shoidd be so protected, all were agreed ; 
and it was clearly understood, besides, that if once St. Paul's 
had lightning conductors, all the other cathedrals and prin- 
cipal churches of England would follow suit. What they 
differed upon was not this, but the best form of lightning 
conductors. Franklin's steadfast assertion that points to 
the elevated rods were not only far preferable to any other 
form of conductors, but the only really protective ones, was 
adopted by Dr. Watson and Mr. Canton ; but they wore op- 
posed by Mr. Wilson, who asserted, with some degree of 
vehemence, that points were dangerous, and that balls on 
the summit of the rods afforded infinitely better protection. 
Standing alone in this view among the eminent members of 
the committee of the Royal Society, his arguments naturally 
had no effect, and the recommendation to the Dean and 
Chapter of St. Paul's was to protect the cathedral by pointed 
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lightning conductors. This was Gone accordingly. ' Franklin 
roda ' were attached to Wren's splendid structure, worthy 
to be the introducer of them, on a large scale, in Europe. 

The dispute as to pointed conductors, or balls, was by 
no means brought to a termination by the decision that was 
come to regarding St. Paul's. Endless pamphlets were 
published on the subject, and it went so far as to being 
turned into a political question. As priests scented heresy 
in the daring attempt to draw lightning from the clouds, so 
the court faction and ultra-conservatives of England smelt 
republicamsm in the erection of iron rods designed by the 
representative of the disaffected American colonies. The 
king was understood to have given his own high opinion 
entirely against points, and in favour of balls, declaring bis 
preference by ordering a cannon ball of large size to be 
placed on the top of a conductor erected over the royal 
palace at Kew. Meeting such high patronage, the ' anti- 
Franklinians ' only sought an occasion to break out into 
open scientific warfare, and they were not long in finding it. 
On May 15, 1777, a large public building at Purfleet, on the 
Thames, serving as a storehouse for war material, was struck 
and greatly damaged by lightning, although protected by a 
pointed lightning conductor. Thereupon arose an instant 
outcry against the system advocated by Dr, FrankUn. From 
much evidence adduced, there could be no doubt that the 
building at Purfleet had been hurt simply because the con- 
ductor was defective in parts, and was besides not laid deep 
enough into the ground ; still this did not stop the clamour 
raised. Chiefly through the agitation of Mr. Wilson, the 
members of the Eoyal Society entered into hot discussions 
about the respective merits of pointed and round conductors. 
The feeling of the partisans of the latter side ran so high on 
this occasion, that Sir John Pringle had to resign the presi- 
dency of the Royal Society, which post he had ably filled 
since 1772, for making himself an advocate of points against 
balls. When the fever of the learned men had cooled down 
a little, it was resolved to settle the great question of points 
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versus balla by a series of experiments, to be held in the 
Pantheon, a lai^e building in Oxford Street, dome-like in 
the interior. The arrangement, in fact, carried out under 
the direction of Mr. "Wilson, leader of the ' ball ' party, was 
to create an artificial thunderstorm — or, as it should properly 
be called, ' lightning storm ' — by means of powerful electrical 
batteries, to be dischai^ed upon conductors of various forms. 
His Majesty George HE., greatly interested in the subject, 
and cherishing fond hopes that cannon-balls would carry off 
the victory in the scientific dispute, as well as in the graver 
poHtical one with Franklin's countrymen, undertook to pay 
all the expenses of the Pantheon experiments, and they took 
place accordingly on an elaborate -scale. But though pre- 
pared entirely with a view of showing the inefficiency of Dr. 
Franklin's points, they proved absolutely the contrary. Ar- 
tificial, like real, hghtning clearly showed its preference for a 
lancet over a ball ; it would glide down the former quietly, 
but fall heavily, mostly with an explosion, upon the latter. 
However, the question being in reality less a scientific con- 
troversy than a dispute arising from the fiery heat of poli- 
tical passions, it was by no means set at rest by the Pantheon 
trials. ' Franklin rods ' were more than ever abhorred by 
a multitude of persons, learned and unlearned, after the 
great citizen of Philadelphia had set his hand, on July 4, 
1776, to the declaration of independence of the ' United 
States of America,' and more than a quarter of a century 
had to elapse, a new generation of men growing up, before 
there arose clear and unimpassioned views about lightning 
conductors. 

While thus the battle of the rods was being fought in 
England, it raged no less hotly on the continent of Europe. 
Here there was rehgious prejudice alone at work, the 
political sympathies running in favour of anything coming 
from America. But priestly animosity by itself proved as 
strong an obstacle as any other to the erection of lightning 
conductors. Where it did not exist, they sprang up with 
rapidity ; but wherever its influence waa felt, the movement 
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was arrested. In the most enlightened parts of Germany, 
the seat and home of Protestantism, tlie ' FranMin rods ' early 
made their appearance. The first lightning conductor set up 
over a public building in Europe was erected early in 1769 
on the steeple of the church of St. Jacob, Hamburg ; and so 
lapid was the spread of them that, at the end of five years 
from this date, there were estimated to be over seven 
hundred conductors within a circle of ten miles of* the old 
Hanse town. To this day they are comparatively more 
numerous in this district than anywhere else in Europe. In 
contrast with Morthem Protestant Germany, the Eoman 
Catholic South refused the * Franklin rods,' and so did 
France, although making a hero of Frankhn personally. 
For many years after young Robespierre pleaded the case of 
lightning conductors before the tribunal of St. Omer, the 
strongest abhorrence to them was expressed by the priests 
and their mob following in almost all parts of France, and 
the active antagonism did not cease till after the outbreak of 
the great revolution. 

It was the same in most countries of southern and 
central Europe. Even in Geneva, famous for the enhghten- 
ment of its citizens, the populace made an attempt to puU 
down the first lightning conductor. It was erected, in the 
summer of 1771, by the celebrated naturalist, Professor 
Horace de Saussure, over his own house, after directions 
fiimished by Dr. Franklin. But notwithstanding that the 
professor was himself highly respected, his lightning con- 
ductor created general abhorrence, and to appease it he found 
it necessary to issue a public address or * manifesto,' as he 
called it, to his fellow-citizena. The address, dated Novem- 
ber 21, 1771, was strangely characteristic of the times. ' I 
hear with regret,' Professor de Saussure declared, ' that the 
conductor which I have placed over my house to protect it 
against hghtning, as well as to observe, occasionally, the 
electricity of the clouds, has spread terror among many 
persons, who seem to fear that by this means I draw upon 
the heads of others those dangers from which I myself wish 
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to escape. Now, I beg you to believe that I would never 
have decided upon erecting this apparatus, if I had not 
been fully persuaded both of its harmlessness and its utility. 
There is no possibihty of its causing damage to my own 
house, or of doing harm to others. All those who are now 
labouring under fear would be precisely of the same opinion, 
if they had entered upon the same inquiries to which I am 
called in the course of my studies.' After which tlie pro- 
fessor goes on minutely to describe the ' electric conductor,' 
which he had been bold enough to place over his house, 
dwelling upon the fact of its having protected, as he beheved, 
already his own residence from being struck by lightning, and 
of having been found, hkewise, universidly efficacious in tlie 
same manner in ' the Enghah colonies of North America.' 
The citizens of Geneva, much given to reasoning, earnestly 
read and studied the ' manifesto ' of Professor de Saussure, 
and the consequence was, not only that he was spared further 
attacks and reproaches, but that there arose soon over tlie 
churches and houses of the town some hundreds of lightning 
conductors. 

In Italy the progress in the erection of conductors was 
accompanied by some very curious incidents. Tlie priests 
here, as in other Roman CathoHc countries, actively opposed 
their introduction, and to do so more effectively, they craftily 
attached to them a stinging name, caUing them 'heretical 
rods.' As a consequence, the mob fiercely opposed the 
putting-up of any such accursed pieces of metal, and when- 
ever the attempt was made to fasten them to houses, it met 
with forcible opposition. However, some of the highly accom- 
phshed professors of the universities of Italy, enthusiastic in 
their reception of FrankUn's discovery, proved themselves 
victorious over both priests and mob. They got the Grand 
Duke Leopold of Tuscany — subsequently German Emperor, 
under the title of Leopold I. — a man of high scientific 
acquirements, to place hghtning conductors over his own 
palace, as well as over all the powder magazines in his 
dominions. Here the mob and priest rule ceased, and only 
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silent cursea could be levelled against the ' heretical rods.* 
Another still more important step in advance was made by 
the influence of the Abb^ Giuseppe Toaldo, a warm admirer 
of Franklin, in correspondence with him, and author of 
various scientific works, among them one on lightning con- 
ductors. He had some influence with the ecclesiastical 
authorities at Siena, in Tuscany, and brought it to bear upon 
tliem by getting them to consent to make trial, in a manner 
so as not to excite public attention, of one of the * heretical 
rods,' over the cathedral. This was only permitted on 
account of the extreme danger in which the edifice stood, 
having been struck several times by lightning, and greatly 
damaged. Placed on the summit of the highest of the three 
hills on which stands the ancient city of Siena, the cathedral 
was opposed to the dangers brought in the womb of every 
passing thunderstorm, and they were all the greater as the 
building, erected by Pisano in the thirteenth century, was 
deemed to be priceless, being one of the most magnificent 
structures of the kind in Italy, of red and white marble, 
filled with the choicest specimens of art, statues, pictures, 
gold and jewelry. It seemed well worth risking a little 
heresy to guard such treasures. 

Very silently, in the dark of night, the priests of the 
Siena cathedral, directed by Abb^ Toaldo, laid their iron 
rods along the walls of the building, but inside, planting 
them deep into the ground, and with the pointed summit 
only a few feet above the highest point of the steeple, so as 
to be scarcely perceptible from below by the naked eye. 
Still the secret of what had been done could not be entirely 
kept from the multitude. Some of the workmen, engaged in 
the operation of fixing the iron rods to the inner walls and 
steeple of the cathedral, wliispered about what they had 
been doing, trembling at the evil consequences of their work, 
notwithstanding having received full absolution from their 
employers. Murmurs were now heaKl everywhere, and 
there were signs of a popular outbreak, just when one of the 
many thunderstorms regidarly visiting the mountain city 
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crept over it on April 18, 1777. Portentously the black 
clouds laid themselves thicker and thicker over the high 
cathedral, till all the people of Siena crept forth from their 
liouses, awaiting in breathless expectation the terrors to 
come. Then the dark masses discharged their fiery streams ; 
flash followed flash, till one, a long hissing tongue of flame, 
fell down upon the cathedral steeple, distinctly visible to 
thousands of beholders. A few minutes after, a ray of sun- 
shine pierced the dark clouds, and to the bewildering asto- 
nishment of the masses, the cathedral was standing there 
absolutely unhurt. As if to exhibit its wonderful power, 
the gilded point of the lightning conductor stood out 
brilhantly in the sun, pointing in radiant silence up to 
heaven. ' Maraviglia, maraviglia ! ' cried people and priests 
In chorus. High mass was held forthwith in the wonderfully 
preserved cathedral, and on the same day the magistrates of 
Siena went into the town hall and had a record made in the 
book containing the annals of the city, to make knoM'n to all 
posterity that their noble cathedral had just been preserved 
from destruction by the astounding influence of an ' heretical 
rod.' Though not in the least intended to be sarcastic, the 
irony could not have been more complete. 

There was a most remarkable historical concurrence 
between the gradual introduction of lightning condiK't<irs 
into Europe and that of the art of vaccination. lk>th the 
great scientific discoveries had the same end in view for the 
benefit of mankind, the one teaching the art of drawing the 
dangerous electric fire of the clouds harmlessly into the 
earth, and the other that of extracting the poisonous see<l of 
disease from the human body. Both were brought forward 
with the noblest intentions ; and both encountered the most 
violent opposition from religious fanatics, the same in sub- 
stance, as interfering with the decrees of Providence, and 
the ordained wrath of heaven. Both triumphed in the end, 
and almost exactly at the same time, though the battle of 
the great medical discovery lasted longer, and was more 
fiercely fought than that of Franklin's invention. To make 
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the analogy between the progress of liglitning conductors 
and of vaccination complete, it so happened that in at least 
one conspicuous instance the same man was an important 
agent in forwarding the success of both discoveries. The 
person in question was Dr. Johan Ingenhousz, a native of 
Breda, in the Netherlands, born in 1730. A man of great 
natural gifts, he came to England when about thirty years 
of age, practising as a physician, and attending specially to 
the so-called Suttonian method of inoculation against the 
small-pox, then an entirely new branch of medical science. 
At the same time he eagerly embarked in electrical experi- 
ments, got into correspondence with Benjamin Franklin, and, 
having made many friends, was elected a fellow of the Eoyal 
Society in 1769. Recommended to the king. Dr. Ingenhousz 
became a favourite at court, owing chiefly to his perfect 
knowledge of German, which resulted in his being recom- 
mended to a highly profitable as well as distinguislied 
mission. The famous Imperial lady, the EUzabeth of her age, 
Maria Theresa of Austria, had read of the benefits of vacci- 
nation, then chiefly known in England, and wishing to confer 
them on her own family and friends, she asked King George 
the Third to recommend to her some able physician, who 
could come to Vienna for tlie purpose. His Majesty at 
once named Dr. Johan Ingenhousz, a recommendation 
warmly supported by the President of the Eoyal Society, Sir 
John Pringle, who had taken an affection for the young 
Dutch physician on account of his electrical researches, 
which had resulted in tlie invention of a novel apparatus, 
subsequently known as the plate electrical machine. 

Dr. Ingenhousz set out for Vienna in 1772, was received 
with marked honours by the great Empress, and having 
done his work, and wishing to visit Italy, received an 
autograph letter of Maria Theresa to her son, Grand Duke 
Ijcopold of Tuscany. At the court of this enlightened 
prince. Dr. Ingenhousz resided for some time, practising 
vaccination, but also engaged in electrical experiments, 
which created the greatest interest. It was partly by his 
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advice that the Grand Duke consented, in the teeth of 
desperate priestly opposition, to erect one of FrantUn's 
Kghtning conductors over hia own palace, and to set them 
up likewise for the protection of all the powder magazines 
in Tuscany. This done. Dr. Ingenhousz went forward to 
Padua, invited by some of the professors of the university, 
and by the famous senator of Venice, Angelo Querini, who 
had a magnificent palace in the neighbourhood of the city. 
In this palace, bearing the, name of Altichiera, the 'English 
doctor,' as he was called, was made to reside, practising 
vaccination, the same as at the court of Florence, but 
following as a favourite occupation the setting-up of ' heretical 
rods.' Altichiera itself had the first erected in May 1774, 
and soon after Dr. Ingenhousz had the satisfaction of 
planting another over the astronomical observatory of the 
university of Padua, in the presence of an enormous crowd 
of students who lustily applauded, and of an angry multi- 
tude, kept in the background less by persuasion than the 
strong arms of the young men. As at Siena, so at Padua, 
the mob became pacified not long after by seeing the 
lightning fall upon the observatory, much exposed by its 
situation, and which had often been struck before, without 
doing the least damage. From Padua, Dr. Ingenhousz went 
to Venice, in company of his friend and patron, Senator 
Ajigelo Querini. Here hia efforts to spread the knowledge 
of lightning conductors, together with vaccination, had the 
best results. The church of St. Mark and other public 
buildings were surmounted before long by tlie awe-striking 
' heretical rods,' and on May 9, 1778, the Senate of Venice 
issued a decree ordering the erection of Ughtning conductors 
throughout the repubhc. It was the first recognition of the 
value of conductors by any government of Europe, or, 
indeed, of the world. 
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CHAPTER V. 

METALS AS COSDOCTORS OF BLECTRICITT. 

In the history of human inventions and discoveries, the idea 
of the lightning conductor ie almost the sole one which 
sprang, all but perfect, from one brain, like Minerva, 
in Greek mythology, from Juj)iter's head. Benjamin 
Franklin discovered the lightning conductor, and, except 
some important improvements in its manufacture, due to 
the progress of the metallurgical arts, the conductor re- 
mwns the same, in essence, as designed by the world- 
famous citizen of Fhiladelpliia. The reason of this is plain 
enough. Though one of the most brilliant discoveries in the 
annals of mankind, the lightning conductor, by itself, ia one 
of the simplest of things. Franklin found by experiments, 
that the mysterious so-called * electric fluid ' had a tendency 
to make its way in preference through metals, and so he 
recommended the laying-down of a metallic line from the 
clouds to the earth to prevent damage to surrounding 
objects, such as buildings and the human beings within 
them. More than this he did not know ; and more than this 
we, to this day, do not know. Of the inner nature, or con- 
stitution, of tliat grand cosmic discharge of electricity to 
which the name of lightning is given, no scientific explana- 
tion can be given. We are utterly ignorant of it, and in all 
probability ever wUl be. 

But while the general principle laid down by Franklin, 
that metals will conduct the electric force harmlessly from 
the clouds to the earth, remains the same, very much 
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has been learnt, in the progress of scientific investigation, as 
regards the varying conducting capacity of different metals. 
The first conductors were invariably rods of iron, this metal 
beir^ preferred by Franklin and his immediate followers as 
cheap, ready at hand, and answering all purposes in 
practice. But it was gradually found by experiments that 
there are other metals through which the electric force will 
make its way more rapidly than through iron. One of the 
earliest investigators of this subject was Sir Humphrey 
Davy, the celebrated inventor of the miner's safety lamp. It 
was while studying the decomposition of the fixed alkalies 
by galvanism, and tracing the metallic nature of their bases, 
to which he gave the names of sodium and potassium, that 
the great chemist and natural philosopher was brought to 
enter upon an examination of what may be called the per- 
meability of the difierent metals by the electric force. The 
result of his investigations, as stated by him, was that silver 
stood highest as a conductor of electricity ; nest to it coming 
copper ; then gold ; next, lead ; then platinum ; then the 
new metal called palladium — discovered by Wollaston, 1803, 
in platinum — and lastly, iron. These were the principal 
metals experimented upon by Sir Humphrey Davy, and the 
net result of his inquiries was expressed summarily in the 
fact of copper being more than six times, and silver more 
than seven times, as good a conductor as iron. Taking 
copper at 100, Sir Humphrey Davy drew up the foUowiDg 
table of the electrical conductivity of the seven metals : — ■ 

Silver , . , JOOIO 

Coppnr 100-00 

Gold 72-70 

Lead 60-10 

PlAtinum 18-20 

Pklkdium 1640 

Iron 14-60 

The practical resuli of these experiments was that it 
came to be recognised that, among the metals, copper miphfc 
be employed to greater advantage as a lightning conductor 
than iron : a much lesser substance of it doing the same 
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service of passing a given quantity of electricity from the 
clouds harmlesaly into the earth. 

Sir Humphrey Davy was foilowetl in his researclies- 
on the conductivity of the different metals by the electric 
force, by a number of other scientific men. His immediate 
successor in entering upon this line of observations was a 
French naturalist of eminence, Antoine C. Becquerel. Per- 
haps no man after Benjamin Franklin studied the pheno- 
mena of electricity with auch thorough insight, free from all 
misleading theoretical delusions, as Becquerel. He was 
educated at the Polytechnic School of Paris, and in 1810, at 
the age of twenty-two, entered the army as an officer of 
engineers, but quitted it five years afterwards with the rank 
of colonel, to devote himself entirely to scientific pursuits. 
Geology and mineralogy first engaged his attention, but he 
soon quitted these studies to devote himself, heart and soul, 
to the observation of the phenomena of electricity, which 
fascinated him as much as they had done Benjamin Franklin. 
The result was the discovery of a great many facts pre- 
viously unknown, making Becquerel, amongst others, one of 
the founders of the science of electro-chemistry. The result 
of his researches concerning the conducting power of the 
electric force by different metals may be stated as follows : 

Copper 10000 

Gold 93-60 

Klvet 73-60 

Zinc 28-05 

Platinum l<i'4U 

Iron 15-BO 

Tin 15-50 

Lead 8-30 

Mercorv •i-45 

It will be seen, in comparing this statement vfith the 
result of the investigations of Sir Humphrey Davy, that while 
the latter places silver before topper in conductivity, 
Becquerel puts copper at the head of the list. Probably, 
the explanation of this difference in the result of scientific 
research, by two men equally learned and equally able, may 
be found in the fact that the conductivity of copper varies 
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greatly according to the purity of tlie metal It has been 
ascertained that absolutely pure copper of the finest kind 
■^such as that existing in the Isle of Cyprus, youngest of 
mother Britannia's colonial children^has a conducting power 
of upwards of twenty per cent, more than the ordinary 
copper of commerce. While thus arriving at different 
estimates, Sir Humphrey Davy and Becquerel are singularly 
in i^reement in one important respect : they both make 
the relative electrical conductivity of copper and iron about 
the same, placing it, the one a little under, and the other a 
little over 100 to 15. In other words, they both say that 
the value of copper as a lightning conductor to iron is as 
twenty to three, or between six and seven times as great. 

Among a host of other investigators of the subject there 
stand forward, besides Sir Humphrey Davy and Antoine Bec- 
querel, two Germans, Professors Lenz and Ohm, and another 
French savant, Claude Pouillet. In the opinion of many 
scientific authorities, especially in the United States, the 
experiments of Professor Lenz regarding the comparative elec- 
trical conductivity of different metals were more carefully made 
than any other, and are therefore deserving of the greatest 
credit. He had, indeed, ample means and great leisure at 
his disposal, making his scientific investigations under the 
patronage of the Grand Duke, afterwards Emperor, Nicholas 
of Russia, while acting as his private tutor at the university 
of St. Petersburg. The researches of Professor Lenz as to the 
comparative power of various metals to conduct the electric 
force were given in the following results — copper, as before, 
standing as the centesimal unit : — 

Sih-er 136-26 

Copper 100-00 

Gold 78-80 

Tio 30-84 

Bun iiO-Sa 

IroD 17-74 

Lead 14-63 

PUtiDum 14-16 

A comparison of the figures here given with tho&e of Sir 
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Humphrey Davy and of Becquerel shows that the results 
obtained by Professor Lenz differ from those of both the 
. other investigators, tike Sir Humphrey Davy, Professor 
Lenz declared silver to be of greater electric conductivity than 
copper, but, on the other hand, he assigned lead a very low 
place, putting it under iron, instead of far above it. It is 
difficult to explain this wide divergence, even on the utmost 
allowance of purity, or impurity, of metals. As regards the 
most important question, from a practical point of view — that 
of the difference between copper and iron — ^Professor Lenz, 
it will be noticed, places iron higher in the scale than both 
Sir Humphrey Davy and Becquerel. Still, in his estimate 
also, copper was admitted to have about six times the 
conductive power of iron. 

While, as just stated, the experiments of Professor Lenz 
on the electric conductivity of metals are held in the 
highest esteem in America, the same is the case in Germany 
as regards those of Professor Ohm. The latter is held to be 
there the highest authority on all subjects connected with the 
measurement of the electric force. The professor, bom at 
Erlangen, 1787, and for many years teacher of natural his- 
tory at Munich, where he died in 1854, devoted the utmost 
patience and an immense amount of time to the definite 
object of ascertaining the electric conductivity of all the 
metals, registering the result of his experiments in a special 
work, the most complete existing on the subject. According 
to Professor Ohm, the principal metals stand to each other 
in conductivity as follows :— 

Copper 100-00 

Oold £7-40 

SilTOT 35-60 

One 33-30 

Bnaa 26-06 

Iron ....... . 17-40 

Platinum . 1710 

Tin lH-80 

Lead ........ B-70 

Here again is a striking difference with the statements of 
other investigators. It seems absolutely inexplicable indeed. 
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how it could happen that scientific men of eminence, and 
admitted authorities on the subject they are treating, came 
to vary on the electric conductivity of several of the 
metals. The difference is most astounding as regards silver, 
the conductivity of which, compared with the per cent, of 
copper, Professor Lenz places at 136'25, Sir Humphrey Davy 
at 109'10, Becquerel at 73-50, and Professor Ohm at only 
35'60. The only conclusions that can be come to under the 
circumstances are, that the record of Professor Ohm's results 
as r^ards silver is incorrect ; or, that the relative degrees 
of purity of the samples of metal experimented upon by him 
and the other professors differed very widely. What is of 
more importance than tliis question, is the comparative rank 
of copper and iron. Here, it is satisfactory to find, the 
results ascertained by Ohm agree very nearly with the con; 
elusions of the other investigators, it being laid down that 
copper has about six times the conductive power of iron. 

The place filled in America by Lenz, and in Germany by 
Ohm, is generally assigned in France to Professor Claude 
Pouillet, a savant who devoted, perhaps, more time than any 
other in his own country to the study of the phenomena of 
electricity. Bom in 1791, Professor Pouillet became, at a 
comparatively early ^e, the director of the celebrated scien- 
tific institution of Paris known as the ' Conservatoire des arts 
et metiers,' which led him to enter upon a course of experi- 
ments in electricity, and most particularly, at the request of 
the government, upon investigations as to the best material for 
lightning conductors. The result of these was published in a 
lengthened treatise, in which Professor Pouillet set down the 
electric conductivity of the principal metals, taking copper 
at a hundred, as follows : — 

Gold ........ ]03-06 

Ooppar . .- IWHW 

aiTM . . . . . . .■ . 81-20 

Bius . . . from S3-40to 16-20 

Platinum , - 22-00 

Iron from 1820 to lfi-00 

Coot Steel 14-76 

Murcuiy 2.6U 
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It wil! be seen that Professor Pouillet, differing from 
other investigators, as they among themselves, regarding the 
relative conductivity of the precious metals, gold, silver, 
and platinum, agreed in the main with them as regards 
the relative proportione of copper and iron. Most pains- 
taking and minute in his experiments, he found moreover 
that iron, as well as brass — the latter a mixed metal, and 
as such variable in composition — was not always the same 
in respect to conductivity, the changes being due to diffe- 
rence in temperature, as well as greater or lesser metallic 
purity. As set down by him, the variations in iron were 
between a maximum of 18'20 in regard to 100-00 of copper, 
and a minimum of 15'60, which gives a mean of 16'90. 
Taking this mean, the comparative list of the positions 
held by copper and iron in regard to electrical conductivity,' 
according to the five investigators, may be set forth in the 
following summary ; — 

Cofipst IroB 

Dayy lOCMX) 1460 

Becquerel lOOOO 15-80 

heas 100-00 1774 

Ohm 10000 17-40 

Puuillet 100-00 16-00 

Taking the average of these five statements, it will be 
found that the relative conductivity of copper to ironi 
stands as 100 to 16^— that is, a little over six to one. The 
approximate correctness of this figure, being the result of all 
the investigations by the most eminent men who studied the 
subject, can therefore admit of no reasonable doubt. 

The important researches as to the greatly varying 
degree in which given quantities of metals will act as 
conductors of the electric force, were made possible only by 
the discovery of the singular phenomena of electro-magnetism, 
due chiefly to the Danish philosopher and naturalist, Hans 
Christian Oersted. His career, in some respects, was not 
unlike that of Benjamin Franklin. The son of an apothe- 
cary, bom in 1777, he set up in the same business, not 
despising trade, but devoting himself actively to it, as means 
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to an honourable end, that of gwning independence. Fasci- 
nated by the study of the phenomena of electricity, Oersted 
devoted himself to it heart and soul, as Franklin had done ; 
and the result achieved, if not fully as important as the in- 
vention of the lightning conductor, was one filling a prominent 
place in modem scientific discovery. It had been observed, 
long before Oersted, that there was a close connection between 
what was known as magnetism and lightning, or ratlier, to 
state it more directly, it was known that lightning exercised a 
strong influence upon the magnetic needle. One of the most 
notable reports, and one of the first on the subject, came 
from the captains of two English vessels, saiUng in company 
from London to the West Indies in the year 1676. When 
near the Bermudas, a stroke of lightning fell upon the mast 
of one of the vessels, doing considerable damage, and, as 
the captain believed, swinging his ship round, the men at 
the helm seeing the compass violently disturbed. He con- 
tinued steering in what he believed the old direction, but 
noticed, a few minutes afterwards, ttiat the other vessel, his 
former companion on the route, and "which had not been 
struck by lightning, was following an opposite course. He 
had the good sense to approach it, and explanations ensaed, 
the result being the discovery that the lightning had com- 
pletely reversed the polarity of the magnetic needle, it 
pointing now south instead of north. The story of this met 
with much doubt at tlie outset, but it was amply verified 
before long by tlie report of many similar occurrences. It 
became known, not only that the polarity of the m^netic 
needle might be reversed by a stroke of liglitning, but that 
the effect.of the latter frequently was to magnetise iron and 
steel. An instance of this kind, on a large scale, occurred 
at Wakefield, Yorkshire, in the month of June 1731, during 
a violent thunderstorm. The lightning here entered the 
warehouse of a merchant who had just packed a case of 
knives, forks, and other articles of steel and cutlery ware, for 
despatcli to the colonies. Tlie case was placed immediately 
under the chimney, wliich the liglitning entered, breaking 
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open the box, and scattering over the floor of the room its 
contents, which, when afterwards examinetl, were all found 
to be strongly magnetic. These, and many similar facts, 
were all clearly established ; yet a considerable time elapsed 
before important conclusions were drawn therefrom. As in 
the case of Franklin, so in that of Oersted, it required not 
merely scientific acumen, but a thoroughly practical mind, to 
trace, in the one instance, the actual connection between 
electricity and lightning, and in the other that between 
magnetism and electricity. 

It was in the year 1819 that Hans Oersted, now settled 
as a lecturer at Copenhagen, announced the result of a series 
of investigations which laid the foundation for the new 
science of electro-magnetism. He stated that he had found 
that if a magnetic needle, free to move like that of a compass, 
was brought parallel to a wire chargetl with . electricity, it 
would leave its natural place and take up a new one, depen- 
dent on the position of the wire and the needle rela ive to 
each other. If the needle, he said, was placed horizontally 
imdef the wire, the pole of the needle nearest tlie negative 
end of the electric battery would move westward, but, on 
the other hand, if the needle was placetl above the wire, the 
same pole would move eastward. Again, if the needle was 
placed on the same liorizontal plane as the wire, no motion 
would be on that plane, but the inclination would be to a 
vertical movement. Finally, if the wire was laid to the west 
of the needle, the pole nearest the negative side of the 
battery woidd be depressed, but it would be raiseil if tlie 
wire was placed to the east of tlie needle. From these 
observations, verifietl in numerous experiments, Oersted con- 
cluded that the magnetic action of the electric force moved 
in a circular manner around the conducting object, which 
he expressed in the formula that ' the pole above which tlie 
negative enters is turned to the west,' and that ' tlie pole 
under which it enters is turned to the east' The discoveries 
of Oersted resul ed in the creation of that wonderful pro- 
duction of modern science — the electric telegraph. A minor 
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result, liighly important as regards the erection, and still 
more the maintenance, of lightning conductors, was the con- 
struction of galvanometers. 

What the microscope is to the student of the inner 
secrets of animal and vegetable life, the galvanometer is to 
the investigator of the phenomena of electricity, in their 
practical applications. Until its invention, there existed no 
means of practically testing the strength of the electric force, 
or the ' current,' as it is usually called, and it was not pos- 
sible, therefore, to ascertain, in any given case, whether 
lightning conductors, among others, were really efficient 
or not. Perhaps, had it been only for this purpose, the 
galvanometer would have waited long in being constructed, 
but what brought it into existence, and led it to its present 
perfection, was that greatest of practical uses of electricity, 
the telegraph. As it arose from small beginnings to gra- 
dually more ^tended employment, embracing ultimately 
some of the highest interests of civilised mankind, there 
came the necessity of having instruments for gauging accu- 
rately the effects of the myBterjous force thus put in harness 
at the bidding of science. The galvanometer having been 
devised, the next step, indispensable for its use, was to frame 
a standard by which electrical energy might be measured, 
and to invent terms by which the amount of such enei^ 
could be expressed. It is well known that in order to be 
able to measure tJie dimensions of any material object, 
standard units are required. In this country the units 
adopted are : for length, the foot ; for weight, the pound ; for 
time, the second ; and so on. To express mechanical force 
or power, the foot pound is the unit employed — that is, the 
mechanical energy necessary to raise a weight of one pound 
to a height of one foot. On the Continent, where the units 
of length and weight are the metre and the gramme, the 
unit of mechanical energy is the metre gramme. Apart 
from the fact that the latter units are very generally adopted 
by all the Continental States, the simpUcity of the decimal 
method of multiplying and sub-multiplying them renders 
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the system of particular usefulness for scientific purposes ; 
and tliey are therefore very extensively employed even in 
England in scientific research. Thus experimental results 
obtained in one country are at once understood, and are 
directly comparable with results obtained in any other 
country, without the necessity of reducing the figures to 
terms of units of other kinds than those in which they are 
expressed. 

Now electrical energy being merely a form of mechanical 
energy — the one being capable of conversion into the other 
— it follows that the units of the functions of either of the 
two powers can be expressed in units of the other ; and this 
being the case, it is manifestly both convenient and desirable 
that in forming the dimensions of the standard electrical 
xmits, they should be constructed in terms of the metre 
gramme, second units. 

The proposition to do this originated with Dr. Weber, 
and acting upon this proposition a committee of the British 
Association, comprising nearly all tlie leading electricians of 
Great Britain, was formed some years ago, which committee, 
with almost perfect experimental skill, determined an ghso- 
lute measure for the values of the several units required for 
electric^U measurement. Taking as the unit quantity of 
electricity that amount which would be generated by a 
gramme weight foUing through a distance of one metre in 
one second, the value given to the unit of resistance was such 
as would allow this unit quantity to flow through it in one 
second. The means by which the values were experimentally 
arrived at cannot be described here. It suffices to say, that 
the unit of resistance being once determined, copies of it, 
formed of lengths of wire of a platinum-iridium alloy, were 
issued, from which copies the sets of resistances now so 
largely employed by electricians were adjusted. Out of 
compliment to the great German physicist who first pro- 
posed the fundamental law which governed the flow of the 
electrical current, the unit of resistance was called the 
' Ohm.' It was a marked progress on the practical appli- 
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cation of the electric force to be enabled to measure it, and. 
aa it were, bring it under control. 

Without its help the electric telegraph could not have 
become what it is ; nor has it been without notable use in 
the art of protection against lightning. One of the greatest 
steps in advance in the application of the lightning con- 
ductor, from its discovery to the present day, has been the 
invention of the galvanometer. Franklin could not, but we 
can, teat our lightning conductors. 

Some of the simplest and most practical galvanometers. 



a 



iffl 



Ilg.l. Bg.2. 

Specially designed for ascertaining the actual efficiency of 
conductors, have been made in recent years in Germany. 
The author of this work had constructed for him by Mr. 
H. Yeates, of Covent Garden, the one, with some improve- 
ments, as shown in the subjoined engravings : the first, 
fig. 1, exhibiting the arrangement of the battery and 
resistance coils, and the second, fig. 2, giving a diagram 
of the battery current. The battery consists of three cells, 
and ifl a modification of the old manganese cell, in which 
the carbon and oxide of manganese occupy the outer, and 
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the zinc plate the inner, or porous, cell. By this arrange- 
ment, the surface of the negative element is greatly in- 
creased, and hence a more constant current is obtained, 
on account of the battery not polarising so rapidly as in 
the old form. Another advant^e of this arrangement is, 
that the cells can be almost entirely sealed up, the air- 
openings being made within the porous cell. In the centre 
of the Ud of the box is placed the galvanometer with a 
' tangent ' scale ; and on the left are two terminals, by the 
connection of which the conductor can be examined. 
On the right hand end of the lid are placed five keys, 
marked respectively, L, B, 1, 2, 3. Under B is one pole of 
the battery, so that by depressing this key, as will be seen 
by the connections in the diagram (fig. 2), the battery 
current is sent through the galvanometer direct. If, how- 
ever, key No. 1 is depressed, the battery is connected with 
the galvometer through a known resistance — key No. 2 has 
a larger resistance, and No. 3. still larger. The fifth key, 
L, closes the circuit within the Umit of the instrument, but 
on being depressed opens it, and includes the hue or con- 
ductor placed between the two terminals at the other end, the 
battery key at the same time being pressed down. By this 
arrangement it will be seen that the resistance of the line or 
conductor may be compared with the known resistance con- 
nected with any of the keys Nos. 1, 2, 3, or any of these 
resistances may be included with that of the Hne, so as to 
get a convenient deflection of the galvanometer needle. In 
the case, with the battery, is a bobbin of insulated wire for 
connecting the instrument with the conductor and earth 
which is to be tested. The whole arrangement here de- 
scribed and illustrated is exceedingly portable, being in the 
form of a small carpet b^, and therefore particularly 
fitted for persons inspecting hghtning conductors and 
making periodical tests, without which it cannot be too 
widely known there is really no trustworthy security of 
protection in lightning conductors. 
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CHAPTER VI. 

CHARACTER OF LIGHTSISQ AND OP THDNDEESTORMS. 

It is well remarked by Arago, that although we know 
nothing about lightning, beyond the well-ascertained fact 
that it is one of the manifestations of the equally vast and 
mysterious electric forces pervading the universe, we yet 
may ascertain a great deal about its mode of action by con- 
tinued observation, made by many persons and at many 
places. As yet the wise recommendation of the French 
astronomer has, unfortunately, not been acted upon to any 
extent, or in any systematic manner ; still, a good many facts 
and incidents have been gathered which serve to throw a 
strong light upon the apparently erratic, but in reality 
normal manner in which, as in obedience to some grand 
unfathomable cosmic law, the fire of the clouds flashes along 
its self-made path. That these observations are entirely 
modem, detracts nothing from their value. With all their 
famed civilisation, the classical nations of the ancient world 
never came to look upon lightning and thunderstorms as 
regular functions of nature, but regarded them with dread 
and horror. Even the greatest of their natural philosophers 
found in them means only for encouraging popular supersti- 
tion. Thus Pliny the Elder, in his celebrated 'Natural 
History,' recommends, like Arago, notes being taken about 
thunderstorms, but for quite a different purpose. 'Nothing 
is more important,' says the celebrated author of the 
Ilistoria Nattiralis^ than to observe from what region the 
lightnings proceeil, and towards what region they return. 
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Their return to the eastern quarter is a happy augury. 
Wlien they come from the east, the prime quarter of the 
Heavens, and likewise return thither, it is the presage of 
supreme felicity.' It is reported by travellers that this form 
of superstition — ^which has reference, of course, to the zig- 
zag form of many strokes of lightning, apparently in turn 
advancing and retrograding — still exists in some districts of 
Southern Italy. 

The superstitious awe with which lightning was looked 
upon not only in ancient times, but in which it is still held 
by the ignorant at the present day, finds its easy explanation 
both in the nature of the terrifying plienomenon, and in the 
fact that even now we can only speculate upon some of the 
causes of its seemingly capricious actions. There can be no 
doubt that thunderstorms wiU visit some districts in pre- 
ference to others, and that lightning will descend constantly 
upon some selected spots, and will entirely keep away from 
others. As regards the latter case, old historians were fond 
of quoting the grand temple of Solomon at Jerusalem, which 
was never struck by lightning in the course of a thousand 
years, although thunderstorms burst unceasingly over the 
Holy City, creating immense havoc and destruction. In this 
instance at least, the explanation is simple, although it may 
not be so in many others. It is stated expressly in the 
biblical description of the building of the world-famed 
temple (1 Kings vi. 21, 22) that ' Solomon overlaid the 
house within with pure gold ; and he made a partition by 
the chains of gold before the oracle ; and he overlaid it with 
gold. And the whole house he overlaid with gold, un il he 
had finished all the house ; also the whole altar that was by 
the oracle he overlaid with gold.' If wise King Solomon 
had known Franklin's discovery of the protection against 
lightning given by metallic conductors, he could not have 
guarded his magnificent edifice better than he did by having 
'the whole house overlaid with gold,' as stated in the Bible. 
But he did even more than this, according to the historian 
Josephns, who records I hat the roof of the Temple, con- 
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etructed in what is now called the ItaUan atyle, was orna- 
mented from end to end with sharply pointed and thickly 
gilded pieces of iron, in lancet form. These points, the 
historian surmised, were placed there to prevent the birds 
from settling on the magnificent roof, and soiling it, and it 
is very possible that this was the original design. Neverthe- 
less, it is'certain that King Solomon guarded, although, pro- 
bably, without intending to do so, his mt^ificent temple as 
perfectly against lightning, as could have been accomplished 
by the best arranged system of conductors. It is not often 
that many thousands of pounds are spent for protection 
against lightning, even if intended for great cathedrals and 
splendid royal palaces ; but King Solomon disbursed, by 
the most trustworthy calculations, no less than thirty-eight 
millions sterling in covering the temple with one of the best 
of conductors — including the pointed and gilded lancets 
along the roof, as perfect 'Franklin rods' as were ever 
designed by any architect. 

If it is easy to account for the old his'orical marvel of 
Solomon's temple having stood unharmed amidst the ragings 
of lightning from tens of thousands of storms, it is more 
difficult to find the reason why many buildings of another 
kind should be constantly under attack. A notable case in 
point, related by the German naturahst G. Ch. Lichtenberg, 
occurred at the village of Rosenberg, in the province of 
Carinthia, Austria, belonging to the noble family of Orsini. 
The village church, although not standing in a very elevated 
position, was unceasingly struck, in the course of the seven- 
teenth and eighteenth centuries, by hghtning, which sometimes 
battered in the roof, sometimes broke down part of the steeple, 
and often flew in at the window on one side and out on the 
other. Very possibly, there were large pieces of metal on the 
wall, or in the roof; or, if not, there may have been masses 
of water near, underground, sufficient to account for the mani- 
festations of the electric force. However, popular opinion, 
utterly ignorant as to such causes, ascribed the whole to the 
doings of evil spirits, and endless attempts were made to exor- 
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cise them by prayers, fastings, and eprinkling of holy water. 
But it was all unavailing. The lightning came again and 
again, and in the summer of 1730, a flash from the clouds, 
more violent than any preceding one, demohshed the entire 
steeple. The Orsini family, suspected by many of the lower 
people of being the secret originators of all the mischief, in 
league with the evil spirits, erected another steeple, hand- 
somer and far more solid than the one destroyed, to show 
their pious intentions. But the lightning visited it as before, 
on the average five or six times a year, doing so mucli damage 
that the whole church had to be taken down in 1778, being 
found in ruins. Happily, in the meanwhile the report had 
gone aa far as the little village in Carinthia that something 
had been discovered for guarding all buildings, including 
spirit-haunted churches, against damage by lightning. Once 
more, the proprietors of the village built a new church on 
the old ground, but this time, by the advice of an Italian 
architect, they placed upon it one of the ' heretical rods,' 
made famous for having done good service in protecting 
the cathedral of Siena. Needless to say that it did again 
similar service. 

It is very probable that, besides the two causes just 
referred to which divert the path of lightning, there are 
many others of influence, at present entirely imknown. 
Numerous cases are reported where the electric discharge 
from the clouds touched precisely, and with singular accu- 
racy, aa if directed by a superior intelUgence, tlie same spot, 
without the slightest reason being discoverable for such 
an action, after the most minute investigation by competent 
persons. Thus, on June 29, 1763, a violent thunderstorm 
broke over the village of Anirasme, near Laval, in France, 
the residence of a distinguished investigator of electrical 
phenomena. Count de Labour-La ndry, a friend and correspon- 
dent of the Abb^ Nollet as well aa of Benjamin Franklin. 
The lightning struck, as carefully ascertained by the Count, 
first the steeple of the church, then sprang to one of the 
lower walls, where it fiis^ and blackened the gilding of 
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picture frarnea and some other metallic ornaments, melting 
also some pewter Sasks used for sacramental purposes, and 
finally opened two deep holes, as regular as if they had been 
drilled with an auger, in a wooden table, placed within a 
recess of soft stone. All these damages were duly repaired ; 
but, to the boundless surprise of the witnesses, the lightning 
struck the church almost exactly a year after, on June 20, 
1764, entering the church by the same way as before, fusing 
and blackening the same gildings, melting the same flasks, 
and, in the end, driving out the very plugs of the wooden 
table inserted to fill the holes bored by the previous stroke 
of lightning. The account of the whole miglit seem almost 
incredible, were it not attested by independent eye-witnesses. 
Arago, with absolute faith in their testimony, remarks 
thereon that ' those who wiU take the trouble of reflecting 
upon the thousands of combinations which might have 
caused the path of the lightning to have been different in 
the two cases, wUl, I imagine, have no hesitation in viewing, 
with me, the perfect identity of effect as demonstrating the 
truth of a proposition I put forward,' namely, tliat ' lightning, 
in iti rapid march, is influenced by causes, or actions, 
dependent on the terrestrial bodies near which it explodes.' 
In other words, hglitning, Uke many other phenomena 
of earth, air, and water, is influenced by unknown causes. 
Hamlet says very much the same, when exclaiming ; 

Tbere Hre more tilings in heavea and earth, Horatio, 
Than are dreamt of in your philosophj. 

After all possible explanations, Arago could get no 
further tban Horatio, who thought that there was much in 
the universe which was 'wondrous strange.' 

It does not seem impossible that some of the extraordi- 
nary effects of lightning, either in striking repeatedly certain 
objects, or in seldom or never touching others, may be 
explained on meteorological grouuds. The height, as well 
as thickness, of the clouds charged with the electric fire, 
must naturally greatly influence the direction of the latter, 
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and though both elementa vary enormously, in different 
countries and at different seasons, it is likely enough that 
the variation is comparatively trifling under given condi- 
tions, as, for example, in a district where there ai-e prevailing 
winds, and where the configuration of the earth powerfully 
acts upon the drift and movement of the aerial masses, and 
the atmospheric conditions in general. As to the height of 
the clouds charged with lightning, there appears scarcely 
any limit, as it has been found that they at times rise above 
the summit of the most elevated mountain ridges on the face 
of the globe. The great naturalist and traveller, Alexander 
von Humboldt, measured the height of a storm cloud, 
discharging lightning, near the mountain of Toluca, in 
MesicQ, and found that it was no less than 4,620 metres, or 
15,153 English feet, above the level of the sea. The height 
of another, ascertained by Professor de Saussure, of Geneva, 
when ascending Mont Blanc, was 4,810 metres, or 15,776 
English feet, or almost exactly three miles. Probably, these 
are exceptional cases, aa even in mountainous districts the 
.heavy moist and electricity-laden clouds seldom rise to such 
extraordinary heights ; still, even such as they are they do 
not represent the extreme limit of elevation. A member of 
the French Academy of Sciences, M. De Lisle, records having 
measured, by trigonometrical observations, the vertical height 
of clouds in a thunderstorm, with strong flashes of lightning, 
which broke over Paris, and found it to be 8,080 metres, or 
26,502 English feet. Consequently, this cloud-mass, charged 
with electricity, stood far above the summit of the highest 
mountain peak in the world. 

If some of the lightning-clouds tower at a gigantic eleva- 
tion over the earth's surface, there are others that lie almost 
flat on it. There are some remarkable observations on this 
kind in existence, made by German meteorologists. Two of 
these deserve particular notice. On August 27, a heavy 
storm burst over the town of Admont, on the river Ens, in 
Stjnria, and the lightning, falling upon the lower part of the 
great convent of the Benedictines, and passing through the 
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wall, killed two young priests near the altar, while reading 
vespers. The convent lies, hke the town of Adinont, in a 
valley, and above it, some three hundred feet higher, stands 
a castle, in which resided at the time a German professor, 
specially interested in the phenomena of thunderstorms , 
He watched assiduously the coming storm, and saw the 
lightning fall upon the great convent, noticing all the while 
that the gilded cross placed on the belfry of the edifice, 
about 115 feet from the ground, remained standing out clear 
above the electric cloud, which appeared to come close to 
the earth's surface. He notical further that above this 
cloud, enveloping the ground portion of the Benedictine 
convent, there hovered another, more than two thousand feet 
higher, and at intervals he could see streaks of lightning fly 
from between the two, not however from the more elevated 
to the lower one, but in a contrary direction. It was 
evident that the two clouds must have been charged by 
electric forces of different ' degree,' or ' potential ; ' it may 
be, one of a ' negative' and the other of a ' positive ' kind, 
or, as Benjamin FrankUn termed them, ' plus ' and ' minus ; ' 
although, as long as the forces differ in 'degree' or 'poten- 
tial,' it is not essential that tiiey be of opposite kinds. As 
the marvellously sagacious discoverer of the hghtning con- 
ductor surmised, the wondrous force is really unitarian — 
that is, throughout the same, the term ' kind ' really only 
indicating on which aide of an assumed zero (the potential 
of the earth) the observations or measurements are made. 

Another notable instance of low-lying storm-clouds, and 
which furnished the rare opportunity of measuring the thick- 
ness of one of them, occurred at the city of Gratz, Austria, 
on June 15, 1826. The city is built along the side of a 
hill, the highest point of which, called the Schlossberg, 
has on its summit a castle, now in ruins, but at the time 
garrisoned by troops, and furnished with a small observa- 
tory. When the storm in question broke over the city, 
several scientific men on the Schlossbei^ took notes of the 
movement and direction of the great cloud emitting its 
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electric discharges. Tliis they could easily do, as tlicy 
themselves, on their altitude, were standing in sunshine, 
under a perfectly blue sky, the dark cloud-wave rolling deep 
under their feet, iftdicating its path and size by streams of 
fire, following each other in rapid succession. Exclusive of 
short flashes, vanishing in the air as soon as seen, there 
fell nine great strokes of lightning upon buildings in the 
city, in the course of about three quarters of an hour, five of 
them causing conflagrations and killing a number of people. 
The storm over, the observers compared their measure- 
ments, and it was then found that the height of the 
storm cloud had never been above tlie clock-tower of the 
Johanneum, an edifice connected with the university, and 
containing a library and museum, while the lowest part of it 
had gone down the sloping ground of the city no further 
than 120 feet under the summit of the clock-tower. This, 
then, was the exact thickness of the storm-cloud which had 
caused so much destruction. It was noti<red on this oc- 
casion, as had been done often before, that the discharges 
of lightning fell all upon buildings standing on moist ground, 
near the river Mur, a mountain stream coming from the 
Noric Alps, and dividing the city into two parts. There can 
be no doubt, from thousands of observations made, that it is 
one of the characteristics of the electric force to seek its 
way towards water — to be, as it were, dissolved by it, or, as 
perhaps it miglit be said more truly, to be equalised by it, 
A very remarkable electrical phenomenon, and one which is 
often attended with fatal results to men and animals, is what 
is known as the 'return stroke' of a lightning discharge. 
Tliis is always less violent than the direct stroke, but is 
nevertheless very powerful. It is caused by the inductive 
action which a thunder-cloud exerts on bodius placed within 
the sphere of its activity, and disastrous eflects often take 
place upon objects, upon men and animals on the earth under 
the cloud, although perhaps miles away from the point where 
the discharge takes place. These bodies are, like the ground, 
chained with the opposite electricity to that of the cloud ; 
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but when tlie latter is discharged by tlie recombination of 
its electricity with that of the ground, the induction ceases, 
and all the bodies charged by induction return to a neutral 
condition. The suddenness of this return constitutes the 
dangerous 'return stroke.' 

Lord Malum wns the first to demonstrate by experiment 
its mode of action ; as shown in the following illustration. 



A B c is the electrified cloud, the two ends of which come 
near the earth. The lightning discharge occurs at c. A 
man at F is killed by the return stroke, while those at d, 
nearer to the place of discharge, but further from the cloud, 
receive no injury. It may be mentioned that it was the ■ 
action of tlie return shock upon the limbs of a dead frog in 
Galvani's laboratory that led to the Professor's experiments 
on animal electricity, and further to the discovery by Volta 
of that form of electrical action which bears his name. 

The subject of the origin of atmospheric electricity has 
at all times been a favourite source of speculation with 
scientific investigators, and given rise to numerous hypotheses. 
The eminent Swiss savant, Professor de Saussure, already 
referred to. Iield that all atmospheric electricity was due to 
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the evaporation of t!ie waters of the globe tlirougli the effect 
of the sun. To prove this, he made a great number of ex- 
periments, showing that whenever water, whether pure or 
contaiDing more or less aalt, whether acid or alkaline, is 
projected upon a metal crucible heated to redness, the 
evaporation that takes place immediately is accompanied 
by strong liberation of electricity. The fact is undisputed 
by scientific men, but not so the conclusion. Another 
eminent savant, no less distinguished than Be Saussure, 
Professor De la Bive, in taking up the experiments of the 
former, succeeded in showing that the production of atmo- 
spheric electricity by throwing water upon heated metal 
■was not the simple effect of evaporation, but due to chemical 
causes. 

Of the numberless attempts made to elucidate the pheno- 
mena of electricity, in connection with the formation of 
thunderstorms, none seem more worthy of regard, and of 
thoughtful consideration, than those of Jean Athanase 
Peltier, a French savant, little known to the general w^orld. 
Born in 1785, he occupied his whole hfe, until his death in 
1845, with the study of meteorology and electricity, making, 
among others, the important discovery that a current flowing 
through a circuit composed of two metals joined together 
beats or cools the junction according to the direction of the 
current. From all the experiments upon the phenomena of 
electricity, to which he devoted his hfe, Peltier drew the 
conclusion that the earth itself, and more particularly the 
fiery hquid mass forming the inner bulk of it, over which 
the solid crust and the ocean lie, but both thinner in com- 
parieon than the skin of an apple, form one immense 
reservoir of electricity. As light comes from the snn, 
generated, as we believe, by heat, so the electric force, 
he held, comes from the interior of the globe, likewise 
generated by heat. The atmosphere surroimding the globe, 
Peltier asserted, produced no electricity whatever, nor held 
it, except temporarily. But he thought it possible that it 
might exist, engendered by other flttming masse.s than those 
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of the cartir?^ interior, in the interminable planetary spaces, 
whicli no astronomer can measure, and of which imagination 
itself, in its loftiest flights, can form no more conception than 
the finite ever can of the infinite. On the whole, Peltier's 
explanation, such as it ia, may fairly be accepted, in the 
present state of the scientific investigation, as one of the 
oest that can be given. For the rest, men must content 
themselves to study the phenomena of electricity, and to 
regard it simply as one of the great, if mysterious, forces of 
nature. 
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CHAPTER "\TI. 

INQUIRIES INTO LIQIITSINO PHOTECTIOS. 

From our present ignorance of the actual nature of electri- 
city, admitted alike by all scientific men, it has often been 
argued that no claim can be set up for a perfect protection 
against the effects of the electric force called lightning, since 
we do not know ' whence it comes, nor whither it goes.' 
Tliat this argimient ia entirely fallacious, may be easily 
shown. The human mind doea not understand, any more 
than it does electricity, the great forces called centripetal 
and centrifugal, which keep millions of suns and of planets 
in their path through the boundless universe ; yet there is no 
educated man who doubts that astronomers are able to cal- 
culate, with the greatest mathematical precision, the time 
when two particular stars wUl come near each other, when 
the moon will obscure Orion, and Venus make her transit 
across the sun. Again, no explanation can be given of the 
actual nature, of the Why and the Wherefore, of the force 
called gravity, simply in its operation on our globe. Still 
men can calculate, with tlie greatest nicety, the result of 
any given weight, falling, from any given height, on the sur- 
face of the earth or below it. 

Fran9oi8 Arago, reasoning on the disputed efficiency of 
hghtning conductors, puts another indisputably practical 
case. * If,' says he, ' we take the dimensions to be given to 
conductors from experience, and if those wliich we adopt 
have been found to resist the strongest lightning recorded 
for over a century, what more can reasonably be asked for ? ' 
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When tlie engineer decides on the lieight and width of the 
arches of a bridge, the vanlt of an aqueduct, the section of a 
drain, and similar constructions, what does he concern him- 
self with ? He examines all the facts and records on the 
matter as extensively as he can, and, in making his plan, 
keeps somewhat beyond the dimensions dictated by the 
greatest floods and the heaviest raina which have ever been 
observed. He thus goes aa far back in his research as the 
evidence within his reach will enable him to do, but without 
confusing himaelf either with searching for the hidden causes 
of floods and rains, or with investigating the character of 
the physical revolutions, or the cataclysms which occurred 
in prehistoric times, and of which geologists only have been 
able to discover the traces and estimate the magnitude. So 
with the engineer. Greater precaution or foresight than his 
cannot be demanded from the constructor of lightning con- 
ductorsi nor is any needed.' 

It may be laid down as an absolute fact, that a well-made 
lightning conductor, properly placed, and kept in an efficient 
state, can never, under any circumstances, fail in its action. 
Undoubtedly it has happened that buildings to which con- 
ductors were attached have, in many instances — of which 
some will be enumerated in another chapter — been struck 
by lightning, and even damaged ; but these cases, so far 
from going against the truth that good lightning conductors 
are infallible, only serve to prove it. A close investigation 
of all known instances where the electric force has struck 
buildings, nominally protected gainst lightning, shows most 
conclusively that the conductors placed on them were either 
inefficient, in some way or the other, or did not lead properly 
into moist ground — that is, had not the all-indispensable 
' earth connection.' There is no case on record in which a 
really efficient lightning conductor, properly placed, and with 
its terminal in technically so-caUed 'good earth,' did not do 
its duty ; and without being dogmatic on the subject, it may 
well be asserted can no more fail to give protection than 
an efficient drain-pipe ran fail to carry off the water upon 
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the roof. Although the electric force is iieitlier a ' current ' 
nor a 'fluid,' often as it is so described, still the analogy 
holds good so far as the one here given between the drain- 
pipe and the conductor. And the reason is clear enough. 
The water, in running down a hollow tube, obeys simply the 
law of gravity, but no lesa immutable than this is that which 
governs the movement of the electric force. As the water 
has no choice but to follow the channel made for it, under 
the guidance of experience and mathematical calculation, so 
has the emanation of the electric energy no option but to 
pursue the path which scientific investigation has shown it 
always to take. Men may speak. of ' erratic ' lightning ; but 
it is certain that the course of the electric force is as- subject 
to cosmic laws and as immutable as that of the stars. 

Most of the experiments and investigations for ascer- 
taining the best form of Ughtning conductors, and their 
sppUcation to buildings so as to be invariably efficient, have 
been carried on by private activity ; still, the subject has 
also, at various times, undergone the examination of official 
authorities, as well as of learned societies. Little has been 
done in this respect in England, but very much in France, 
where, ever since the publication of Franklin's great dis- 
covery, the question of protection against hghtning has 
uniformly interested the public, as well as the learned world, 
leading to the production of more treatises on the subject 
than in any other country, except perhaps Germany, the 
world's centre of book-making. One of the most important 
of the French works here referred to, and which may be 
regarded as the standard work on hghtning conductors, is a 
semi-official publication, entitled ' Instruction aur les para- 
tonnerres,' issued in new editions from time to time, and 
widely dispersed, not only in France, but all over Europe 
and America. It consists of several reports about hghtning 
conductors made, from 1823 to 1867, by committees com- 
prising some of the most distinguished men of science at the 
time, to the ' Academic des Sciences ' of Paris. The earliest 
of thepe reports originatetl from an application of the French 
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Government to the ' Academic.' In tlic year 1822, there 
happened to be in France, and over the greater part of Con- 
tinental Europe, an extraordinary number of violent 
thunder-storms, accompanied by earthquakes and simul- 
taneous eruptions of Mount Vesuvius, the latter on a scale 
not witnessed for centuries. In France, the almost con- 
tinuous thunderstorms caused great alarm among the popu- 
lation ; and the priests in many places held processions in 
and around the churches, with special prayer-meetings, to 
' appease the wrath of heaven.' In consequence of all this 
excitement, the Minister of the Interior, deeming that some- 
thing also ought to be done besides tlie walking in proces- 
sion to stay the fatal effect of hghtning, ordered that all the 
public buildings in France should be protected immetliately 
by conductors, made on the most perfect model and placed 
in the best manner. To get pre-eminent advice as to the 
efficiency of lightning conductors, the Minister applied 
officially to the ' Academic des Sciences,' which learned 
botly thereupon nominated a committee consisting of six of 
the most celebrated investigators of the phenomena of elec- 
tricity — MM. Poisson, Lefevre-Gineau, Girard, Dulong, 
Fresnel, and Gay-Lussac. Tlie committee held many sittings, 
collecting a vast amount of evidence on the subject, and on 
April 23, 1823, presented through M. Gay-Lussac its report 
to the ' Academic des Sciences,' which was adopted and 
ordered to be printed, being declared a highly important 
document. The French Government took the same view as 
the ' Academie des Sciences,' and not only acted upon the 
recommendations of the report, but issued it to aU public 
functionaries, to the clergy, and others, with directions to 
make it generally known. In this way hundreds of thou- 
sands of copies of the ' Instruction sur les paratonnerres ' 
found their way all over France, and from thence in transla- 
tions all over Europe, as the best existipg guide for the 
erection of lightning conductors. 

The information thus spread by the French Government 
gave rise to important residts. It caused the setting-up of 



::,\^lOOgIC 



ISQUrRIES INTO UOHTNING PROTECTIOX. 77 

ligiitning conductors throughout the country, on private as 
■well as pubKc buildings, and it likewise led to an improved 
construction of them, in as far as the * Instruction ' recom- 
mended the rods to be made of stout pieces of metal, well 
fastened to each other, and, above all, led into the ground 
deep enough to reach moist earth or water. If this was well 
enough, and useful enough, to meet with general accepta- 
tion, there were some points in the advice of the learned 
men of the ' Academic ' that gave rise to much criticism, as 
being more founded upon theory than practical experience. 
In the first place, they laid it down as a hard-and-fast rule 
that the upper rod of a hghtning conductor — that projecting 
over the roof — ' will be an efficient protective agaiTist light- 
ning within the circular area of a radius double that of 
its height,'' and the acquiescence in this supposed absolute 
formula had for one of its results tlie erection of monstrously 
huge rods, made to tower high above buildings, so as to 
increase the field of protection to tlie largest possible extent. 
Another and worse fault was committed by the authors of 
the ' Instruction ' in not saying anything about the necessity 
of regularly inspecting the actual condition of lightning 
conductors, and testing them in respect to their efficiency. 
While giving minute advice as to the mode of construction 
and the general design of conductors, the contents of the 
' Instruction ' were such that, on the whole, its readers 
would take it for granted that it was only necessary to pro- 
perly join the strips of metals and bring them down into the 
ground, after which, thenceforth and for ever, the protec- 
tion against lightning would be complete. This grave omis- 
sion, together with the erroneous dogma as to absolute rule 
of protection within an area prescribed by tlie height of the 
' tige,' or upper part of the rod, had the inevitable result of 
causing disasters, and before the ' Instruction ' had been 
issued many years, there came report after report to the 

' The originAl, long taken asaecieatjfic dogma, rune: 'Une tigedaparntenneire 
prot^ eflicacement contra la foudre autouT d'elle tui espace drculoire d'ua myou 
doubls de sa liauteur.' 
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Government that well-constructed lightning conductors had 
failed to do their duty. For a length of time these reports 
were either not believed in, or the failure ascribed to partial 
non-compliance with the strict rules laid down by the 
' Acad^mie des Sciences.' However, in the end, when thirty 
years had passed, the instances of buildings with conductors 
being struck became so numerous, that it was impossible to 
ignore them any longer and, flying once more for advice to 
the savans of the * Acad^mie des Sciences,' the French 
Government desired them to investigate anew the question 
as to the best means of protecting buildings against light- 
ning. Complying with the behest, the learned body nomi-' 
nated ^ain a committee of six, the names of those selected 
comprising the most eminent men who had made electricity 
and its phenomena their study. They were MM. Becquerel, 
Babinet, Duhamel, Despretz, Cagnard de Latour, and 
Pouillet. 

The ' Instruction ' of the new committee, drawn up by 
Professor Pouillet, was read before the * Academic des 
Sciences' on December 18, 1854, and having been unani- 
mously approved, was, like the former one, taken up by the 
Government and extensively circulated. The report began 
by modestly excusing the short-coming of its predecessor. 
' For the last thirty years,' Professor Pouillet remarked, with 
no fear of being gainsaid, ' the science of electricity has 
made great progress — in 1823 the discovery of electro- 
magnetism had only just been made, and none could foresee 
the immense results that would spring from its revelations.' 
Based upon these grounds, the new 'Instruction' entirely 
reversed many of the conclusions of the old one. First of 
all, it declared inadmissible the theory of a fixed area 
of protection, to be calculated by the length of the upper 
rod. ' Such a rule,' Professor Pouillet justly remarked, 
'cannot be laid down with any pretence to accuracy, 
since the extent of the area of protection is dependent 
from a mass of circumstances — such as, among others, the 
shape of the building and the materials entering into its 
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construction. It U clear, for example, that tlie radius 
within which the conductor gives protection cannot be so 
great for an edifice the roof or upper part of which contains 
large quantities of metals, as for one which has nothing but 
bricks, wood, or tiles.' Professor PouiUet then proceeded to 
give detailed instructions in respect to the design and mode 
of manufacturing lightning conductors. He insisted that 
the rods should be of greater capacity than those recom- 
mended by Gay-Lusaac in the report of 1823, and that there 
should be as few joints as possible from the point to the 
earth. He considered it of the greatest importance that all 
the joints should be carefully tin soldered, otherwise the 
metallic continuity of the conductor could not be assured. 
He also advised that the top of the air-terminal should not 
taper to bo fine a point as formerly, but be rather blunt. 
A lightning conductor, said Professor Pouillet, is destined to 
act in two ways. In the first place, it offers a peaceful 
means of communication between the earth and the clouds, 
and by virtue of the power of points the terrestrial electricity 
is led gently up into the sky to combine with its opposite. 
In the second it acts as a path by which a disruptive dis- 
charge may find its way to the earth freely. In the latter 
case he considered there was a risk of a sharply tapered 
point becoming fused, and recommended that the angle of 
the cone at the top of the air-terminal should be enlarged. 
He also advised that the point should be made of red 
copper instead of platinum, and based his argument on the 
fact of copper being a better conductor of electricity than 
platinum, and considerably cheaper. A copper point, re- 
marks M. Pouillet, subjected to a heavy stroke of lightning, 
would be much less heated than a platinum point, and 
would scarcely in any case be fused. While in the report 
of 1823, iron ropes were recommended almost exclusively 
as the best material for conductors for ships, the ' Instruction ' 
of 1854 declared strongly in favour of copper as the far 
superior metal for the purpose. ' Copper,' affirmed Pro- 
fessor Pouillet, ' is superior to iron as well as to brass for 
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tlie purpose of lightning conductors, it having the advantage 
not only of being less influenced by atmospheric agencies, 
but the still more important one of allowing a freer passage 
to the electric force of over three to one. Copper should 
therefore be exclusively used in the construction of lightning 
conductor cables for the protection of ships. 

The inquiries into hghtning protection instituted by the 
'Acad^miedes Sciences,' and residting in two reports, the 
second valuable in the highest degree, had the good effect, 
not only of dramng pubUc attention to the necessity of 
providing such safeguards, but of bringing the whole matter 
under due scientific control. Henceforth tlie ground was 
cut away under ' hghtning-rod men,' perambulating towns 
and villages, and oflering their trumpery ware — mostly bits 
of wire tied together, with perhaps a lacquered piece of 
wood on the top — to credulous persons, as a substitute for 
good conductors. The French Government set a laudable 
example in appealing for the future always to scientific aid. 
A few months after the publication of the ' Instruction sur 
les paratonnerres,' drawn up by Professor Pouillet, a decision 
was come to for protecting the new wings of the Louvre, at 
Paris, with the Tiiost perfect hghtning conductor that could 
be made, and thereupon appeal for counsel was once more 
made to the ' Acad^mie des Sciences.' The case was one of 
special interest. The palace of the Louvre, with its inesti- 
mable treasures of art, had been the first public biulding in 
France provided with a lightning conductor. It was due to 
the initiative of an enthusiastic admirer of Benjamin Frankhn, 
David Le Roy, that this was accomphshed, he having excited 
the public feeling as to the dangers from hghtning to which 
the Louvre was exposed to such a degree as to compel the 
Government, in 1782, to carry out his plans, under his own 
superintendence. The conductors erected by Le Roy had 
stood the test of experience from 1782 until the year 1854, 
many a thunderstorm having passed over the extensive 
buildings of the Louvre without causing the least damage. 
But, in the last month of 1854, one more lightning cloud 
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swept along the baiika of the river Seine, and the electric 
fire, falling on one of the chimneys of the palace, knocked 
off ft few bricks. The dam^e was very trifling, but the 
alarm nevertheless was great, and very naturally so. If 
there was one building in France, it was said, which ought 
to be beyond the risk of being struck by lightning, it was 
the Louvre, and, if this could not be accomphshed, the art 
of constructing protective conductors was altt^ether vain 
and ineffectual. It was under these circumstances, incited 
by the pubUc outcry, that the Government hastened to 
submit the new case to the * Academic des Sciences.' 

Once more the ' Academic ' nominated a committee on 
lightning conductors, composed of the same members who had 
a^ned the ' Instruction ' of 1854, and drawn up by Professor 
Pouillet. He again drew up the report, which was adopted 
by the * Academic ' on February 19, 1855, and contained 
some notable additions to the directions previously given. 
They related, as was desired, in the first instance to the 
Louvre alone, but were made applicable to all large pubUc 
buildings. For their efficient protection, the professor in- 
siatetl, two things should be kept in view above all others — . 
namely, first, that the point, always of copper, should be of 
greater thickness ; and, secondly, that it should have a never- 
failing connection with either water or very moist earth. To 
ensure the latter, it was recommended, as had been done 
before, that the underground part of the conductor should 
be divided. 

The necessity for such a division, and for forming at 
least two subterranean arms — the first of it, described as 
' the principal branch,' going very deep into ground, into 
perennial water, and the second, ' the secondary branch," 
running nearer the surface — was explained by Professor 
Pouillet very clearly in this last report. ' After a long con- 
tinuance of dry weather," he observed, *it often happens 
that the hghtning-bearing clouds exert their influence only 
in a very feeble manner on a dry soil, which is a bad con- 
ductor ; the whole energy of their actiim is reserved for the 
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mass of water which by percolation has formed below it. It 
is here that the dispersion of the electric force {la decomposi- 
tion ilectrique) takes place ; it will follow the principal branch 
of the conductor underground, and leave the secondary 
branch untouched. The case is entirely different when, 
instead of dry weather, there have been heavy rains, 
moistening the earth thoroughly, up to the surface. It is 
the latter now that is the best, because the nearest, conductor 
of the electric force, which will not go to the more perma- 
nent sheet of water, lying more or less deep in the ground, 
if there is moisture above it. Under these circumstances, it 
is indispensable that there should be a direct connection 
between the surface soil and the lightning conductor, and 
this is what is accoraphshed by the secondary branch. It 
is a power in aid of the principal branch, and one often of 
the highest importance.' The suggestion here made was 
one so evidently good, that it was at once accepted by the 
French Government, and the Louvre not only, but other 
public buildings, received lightning conductors ending in 
two subterranean branches, as proposed by Professor 
Pouillet. 

The report on the protection of the Louvre Palace did 
not contain the last inquiry of the ' Academic des Sciences ' 
on the subject of hghtning conductors. Twelve years after 
it had been issued, the Government of France once again 
called upon that learned body for advice as to the best 
mode of protecting powder magazines. Several cases had 
happened — among othera at Kocroy, on the borders of the 
forest of Ardennes — of such buildings being struck, notwith- 
standing that they had conductors placed upon them, and 
the Government, naturally alarnjed, made inquiry as to 
whether nothing could be done to ensure protection against 
lightning, infallible under all atmospheric conditions and 
every possible emergency, to these dangerous stores. The 
demand was made in a letter of the Minister of War, Marshal 
VaJllant, dated October 27, 1866, pressing the ' Acad^mie '. 
to give another ' Instruction,' without delay, the Government. 
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being •* in fear that some of the powder magazines are not 
as completely protected from lightning as could be wished,' 
Thereupon the ' Acad^mie des Sciences ' nominated another 
commission, this time of eight members, including the 
Minister of War himself — not complimentary, but as being 
an author, and with a warm interest in electrical science ; 
and, besides Iiim, MM. Becquerel Sen., Babinet, Duhamel, 
Fizeau, Edmond Becquerel, Eegnault, and Professor Pouillet. 
The list represented a galaxy of names unsurpassed in the 
investigation of such a subject as lightning conductors, 
looked upon in most countries of Europe, at least in recent 
years, as rather plebeian, to be left to builders and hghtning 
rod men. Many sittings were held by the committee, ail 
fully attended, so that, although the Minister had desired to 
get the new report ' le plus promptement possible^ it was not 
till nearly three months after the receipt of his message that 
it was completed. Professor Pouillet again being the author. 
It was a mast remarkable paper, this one, read before and 
approved of by the ' Academie des Sciences ' on January 14, 
1867. 

Before entering upon the subject of the protection of 
powder magazines ^dnst lightning, the new ' Instruction ' 
signed by Professor Pouillet and his coUeagues laid down a 
few so-called ' propositions ginh-ales ' — that is, either hints, 
suggestions, or statements, the French word * proposition' 
being most serviceably vague for use — on the subject of 
lightning and of thunderstorms. The first thesis affirmed 
that ' clouds which carry lightning with them are but 
ordinary clouds {ne sont autre chose que des nuages ordinaires) 
charged with a large quantity of electricity.' The second 
thesis boldly defined the nature of lightning. 'The fire' 
which flashes from the skies is an immense electric spark, 
passing either fixtm one cloud to another, or from a cloud to 
the earth ; it is caused by a tendency for the restoration of 
the electric equiUbrium {la recomposition des ilectridt^s con- 
traires).' It was laid down in the third ^proposition' that, 
when lightning falls from a cloud upon the earth, it is but 
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an effort of the electric force to return to its grand reservoir.' 
That it is similar to water, which, having risen in the form 
of vapour from the earth-surrounding ocean high up into 
the air, then falls down as rain upon hills and plains, and 
finally runs down again in rivers to the ocean, Professor 
Poiiillet did not say in so many words ; but there were 
vague hints to that effect in the new ' Instruction.' Its 
practical recommendation, offspring of the theories thus enun- 
ciated, was that the best protection against lightning would 
be afforded by the moat substantial metal rods, made of 
iron, surrounding a building on all sides, and passing deep 
into the ground. The new declaration of the 'Acad^mie 
des Sciences,' though merely a repetition of former reports, 
was not without important consequences. First in France, 
and then in other countries, the conviction became general 
among scientific men, and others well informed on the 
subject, that well-designed conductors, if properly made and 
kept in good order, form an absolute, unconditional, and 
infallible protection against lightning. 

Professor Pouillet also laid it down that lightning 
conductors, to be efficient, must be regularly inspected, 
he, with his colleagues on the committee, having come to 
the conclusion that such examination should take place at 
least once every year. So much stress was Iwd upon the 
importance of an annual inspection, that a strong recom- 
mendation was made to the Government to have a prods- 
verbal, or special report, drawn up on each occasion in 
the case of all public buildings, so that it might be known 
by the central authorities whether the examination had 
taken place at the specified time, and what had been the 
declaration of the examines. The advice was judiciously 
followed, with the result that at this moment the pubhc 
buildings of France have the most complete protection 
against lightning — greatly in contrast with the public 
buildings in England. 
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CHAPTER Vm. 

81B WILLIAM SNOW HARRIS. 

Ik aingular contrast with what took place in France, the 
importance of lightning conductors never created any but 
the most languid interest in England. Neither the Govern- 
ment, nor any of the scientific bodies of the country, at any 
time occupied theiDselves seriously with the question as to 
how public and private buildings might be best protected 
against the dangers of thunderstorms ; and from the time» 
a century ago, when the Boyal Society half patronised and 
half spumed the merits of FrankUn's discovery, to this day, 
the battle of science gainst ignorance in the matter had to 
be fought by individuals. With one exception, that of Sir 
William Snow Harris, it proved no profitable battle to any 
man ; and in his case even, it was only so by accident. Born 
at Plymouth, in 1792, and educated for the medical profes- 
sion, he early turned his attention to the subject of elec- 
tricity and hghtning conductors, and more particularly to 
the use of them in the Royal Navy. Owing to his early 
surroundings, leading to connection with naval officers, he 
learnt that the damages caused by lightning to ships of war 
were very numerous, and most expensive to repair; and 
having got once hold of these facts, he gave them to the 
public in the ' Nautical Magazine,' but chiefly in pamphlet 
form, insisting upon the simple remedy of hghtning con- 
ductors. As usual, the Government lent a deaf ear to the 
proposal as long as it was possible, and it was only when 
at length, in 1839, the outcry upon the subject became 
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overwhelming, that a naval commission was appointed ' to 
investigate the best method of applying lightning conductora 
to Her Majesty ships.' The commisaion drew up an ira- 
menae report, filling eighty folio pages of a blue-book, 
the kernel of which was that, though such protectors in 
thunderatoi-ma were rather new-fangled things, they might 
be tried without special harm coming to anybody. There- 
upon most of the vessels received lightning conductors, 
made after designs by Mr. Snow Hams. The indefati- 
gable advocate of conductors had his reward. He was 
knighted in 1847 ; he had, at various times, consider- 
able grants from the Government; and he had the final 
satisfaction of being allowed to design lightning conductors 
for the new Houses of ParUament. The latter remain the 
most enduring monument of the only man in this country 
who ever succeeded in drawing the attention of the pubUc 
and the Government to tlie grave subject of lightning con- 
ductors. He could not have done so, at least not in the line 
he took up, had he lived half a century later. With the 
gradual disappearance of the old wooden ships disappeared 
also the necessity of lightning conductors for men-of-war. 
An iron-built vessel, metal-rigged, is a conductor by itself, 
while as to armour-clad ships of latest design, they are more 
absolutely protected against lightning even than the famous 
gdded temple of Solomon at Jerusalem. 

In the story of the prc^ess of lightning protection in 
England, the career of Wilham Snow Harris forms a chapter 
of no Uttle interest, as showing both the inertness of the ad- 
ministration, as well aa of the public, in the most important 
matters, and the good effects that may result from the perse- 
vering energy of a single man. When Mr. Snow Harris 
began his agitation for lightning conductors, about the year 
1820, the ships of the Royal Navy were virtually without 
them, although they had something supposed to stand in 
their place. Juat sixty years before, in 1762, Dr. William 
Watson, the indefatigable advocate of Franklin's discovery, 
had strongly recommended to Lord Anson, first Lord of the 
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Admiralty, that all men-of-war should have lightDing con- 
ductors ; and his urgent zeal, backed by influential friends, 
effected that bis advice was listened to. Being requested to 
send in the best design for a ship's conductor, Dr. Watson 
did so with alacrity, but, unfortunately, with little wisdom. 
Knowing little or nothing of ships and their management at 
sea, the learned member of the Eoyal Society advised that 
the lightning conductors for the navy should be constructed 
of strips of copper rod, one-fourth of an inch in diameter, 
hooked together every few feet by links, and the whole 
attached, for more security, to a hempen Hne, to be hung on 
to a metal spike on the top of the mast, and &om thence to 
fall down into the sea. In theory, it was not a bad design, 
but it utterly failed in practice. Evidently, Dr. Watson had 
never been on board of a lai^e ship in a gale, for had he 
been, he might have known that it would be nest to impos- 
sible to keep hia chain in its place, exposed as it waa to 
the operation of violent mechanical forces, not to speak of 
possible bad treatment from indignant sailors, with whose 
movement in the rigging it interfered. It was a natural 
consequence of Dr. Watson's ignorance, that his conductors 
entirely failed. In most cases the commanders of men-of- 
war, suppUed with the copper-hempen chains, quietly stowed 
them away in some comer of the ship, with orders to take 
them out when needed, and it often happened that this waa 
done only after the ship had been struck by hghtning. Year 
after year there came reports of such casualties ; and at 
last they got so numerous as really to attract the attention of 
the naval authorities. Still, nothing was done until William 
Snow Harris took up the matter. Sitting in his little cottage 
at Plymouth, overlooking the sea, the happy thought struck 
the young medical man, waiting for patients who did not 
come, that here might be found a profitable as well as useful 
opening for his activity. He possessed, happily, a few naval 
friends, ready with counsel and assistance, and so he went 
to action, fighting for lightning conductors. 

The battle, resulting as it did in ultimate victory, was a 
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long one, nevertheless. For many years, all his efforts td 
induce the British Government to adopt a system of efficient 
lightning conductors for the Eoyal Navy remained entirely 
fruitless ; and it was only afler he had gained the sympathy 
of the press, and, through it, of the pubhc, by pubhshing 
long lists of the disasters that had befallen the cherished 
' wooden walls of England,' that at last the closed doors of 
the Admiralty were opened to him. The hsts he furnished 
were appaUing indeed, and enough to impress any minds 
and open any doora. It was shown by Mr. Snow Hams, 
from carefully compiled records, baaed upon official docu- 
ments, that in the course of forty years — from 1793 to 1832 
— over 260 ships had suffered from lightning. In 150 cases, 
the majority of which occurred between the years 1799 and 
1815, about 100 main-masts of line-of-battle ships and 
frigates, with a still larger number of topmasts and smaller 
spars, together with an immense quantity of stores, were 
destroyed by lightning. One ship in eight was set on fire 
in some part of the rigging or sails, and over 200 seamen 
were either killed or severely disabled. But, formidable as 
was this account of damage done by lightning, it by no 
means completed the list of casualties. Mr. Snow Harris 
gave it as his opinion, on the authority of a great many 
naval officers with wliom he came into contact at Plymouth, 
that many ships reported officially as ' missing ' had been 
struck by lightning and gone to the bottom, with nobody 
left behind to tell the tale. Thus, from a reference to the 
log of the line-of-battle ship the ' Lacedtemonian,' under the 
command of Admiral Jackson, it appeared that this man-of- 
war sailed alongside a frigate, the ' Peacock,' on the coast of 
Geoi^ia, in the summer of 1814, and that the latter sud- 
denly disappeared in a storm of Ughtning, leaving no trace 
behind. Again, the * Loup Cervier,' another man-of-war, 
was last seen 08" Charlestown, in America, on the evening of 
a severe thunderstorm, and never heard of again. A famous 
ship, the 'Resistance,' of forty-four guns, was struck by 
hghtning in the Straits of Malacca, and the powder-magazine 
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blowing up, it went to the bottom, only three of the crew 
reaching the shore, picked up by a passing Malay boat. 
But for these few survivors, Mr. Snow Harris justly re- 
marked, nothing would have been known of the fate of the 
vessel, which would have been simply reported as ' missing ' 
in the Admiralty hsts. It was scarcely to be wondered at 
that the recital of all these tales of disasters, which might 
have been prevented by the most ordinary foresight in 
applying known means of protection against lightning, 
considerably excited the public mind, so that at last the 
Government was compelled to act in the direction into 
which it was impelled by the energetic Plymouth doctor. 
It was thus that at last, in 1839, the naval commission 
already referred to was appointed to give counsel as to 
' applying hghtning conductors to Her Majesty's ships.' 

Perhaps even this step in advance might not have fa- 
voured much the cause pleaded by Mr. Snow Harris, had 
he not had the good fortune of finding a powerful patron in 
Sir George Cockbum, one of the Lords of the Admiralty. 
Sax Geoi^e, bom in London, of Scottish parents, in 1772, 
had all his Ufe long taken a great interest in scientific pur- 
suits ; and the application of conductors especially had 
interested him much, as he had himself been a witness to 
frequent damage done to ships under his command by 
lightning. The ' Minerva,' of which he was captain at the 
blockade of Leghorn, in 1796, had been so struck, and Uke- 
wise two ships of the flotiUa, reducing the French island of 
Martinique, in 1809, under his direction. Having taken a 
prominent part in the American War of 1813-14, especially 
the capture of Washington, Sir George Cockburri retired 
from active service, and in 1818 was made one of the Lords 
. Commissioners of the Admiralty, immediately after being 
returned a Member of Parhament for Portsmouth. He 
henceforth devoted himself more than ever to scientific 
studies ; and, having been elected a Fellow of the Koyal 
Society, got into acquaintance with many of its members, 
among them with Mr. Snow Harris, whom he came to fike 
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on account of his fervid enthusiasm in the cause he was 
advocating. The acquaintance proved of the highest ad- 
vantage to the young Plymouth electrician. Before even the 
naval commission, nominated to give counsel upon the sub- 
ject of lightning conductors, had given in its report, he was 
allowed to make trial, on board of several men-of-war, with 
a system designed by himself, and for which he had taken 
out a patent. It was not long afterwards that it was 
officially adopted for all the vessels of the Eoyal Navy, with, 
it is needless to say, the greatest pecuniary advantages to 
the designer. 

The system of Mr. Snow Harris for protecting ships 
gainst lightning was .similar to that suggested by Mr. 
Henly in 1774. Instead of hanging dangling chains from 
the top of the rigging into the water, he nailed on to the 
masts and down to the keel, shghtly inliud in the wood, a 
double set of copper plates, overlying each other in such a 
manner that the ends of one set were touched by the middle 
of the other. The plates were four feet in length, two to 
five inches wide, and one-eighth of an inch thick ; they had 
holes drilled in them at distances of six inches apart, and 
were secured to the masts and fiirther dovm by short copper 
nfuls. In order to prevent any break in the conductor at 
the junction of the successive masts, a copper plate was led 
over the cap, and the continuity preserved at all times by 
means of a copper hinge or tumbler which fell against the 
conductor. It was an altogether unobjectionable plan for 
securing protection gainst lightning, except that it was 
liable to fail under imperfect execution. Bad workmanship 
necessarily was fatal to it. The numerous copper plates 
had to be very neatly and carefully fastened together to 
ensure metallic continuity, in the absence of which the 
electric force might leave the path traced for it, divei^ng 
into neighbouring metaUic masses, numerous on board ships, 
such as chuns and anchors. It was a most costly system 
from banning to end ; but as it was, and, for the short 
time it remained in use, it accomplished all that was 
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desired. Not one of the ships fitted with the conductors 
designed by Mr. Snow Harris was damaged by light- 
ning, although many were struck, the electric spark in 
several cases being so powerful as to melt the too fine 
metal points on the tup of the masts. However, the new 
lightning conductors had not to stand the ordeal of 
practice for any length of time. One by one the great 
wooden ships of war, once the pride and glory of England, 
went into peaceful retirement, to be replaced by iron 
machines, propelled by steam, metalled from the top of the 
masts to the water's edge. It had been one' of the recom- . 
mendations of Kr. Snow Harris to the Admiralty that his 
copper plates, though expensive at first, would always be 
worth their money as old metal ; and the irony of fate 
would have it that the conversion of copper into silver was 
not to be long in waiting. Before the death of the inventor, 
which occurred in January 1867, his lightning conductors 
were fast disappearing from the ships on which they were 
placed. From the windows of his villa at Plymouth, Sir 
William Snow Harris could see a fleet of ironclads, dispensing 
with conductors, floating on the sea. 

Notwithstanding the short use of his own special naval 
work which gave him fame, Sir William Snow Harris effected 
much in the interest of lightning protection in general. He 
was one of the few men in England who insisted that it was 
the duty of the Government, as well as of private individuals, 
to place lightning conductors upon all objects liable to be 
struck, arguing that it was little less than criminal to n^lect 
such a simple protection against overwhelming danger. It 
was with some degree of vehemence, though not more 
perhaps than was requisite, that he stood out against those 
who objected to conductors because they ' attracted ' light- 
ning. Such assertion will, at the present day, be regarded 
as foolish by all persons possessed of the least scientific 
knowledge ; but this was not by any means the case forty or 
fifty years ago, when even well-educated men denounced 
conductors. A civil engineer in the service of the British. 
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Government, Mr. F. McTaggart, sent to Canada in 1825, 
recommended openly the pulling-down of all lightning con- 
ductors in that colony, and this too in the name of ' science, 
of which he held himself to be an enlightened disciple. 
' Science,' wrote Mr. McTaggart, in a book he published, 
*has every cause to dread the thunder-rods of Franklin 
they attract destruction, and houses are safer without than 
with them. Were they able to carry off the fluid they have 
the means of attracting, then there could be do danger ; but 
this they are by no means able to do.' Had such reasonings 
as these been merely the senseless talk of a few individuals, 
the harm done might not have been great. But it was quite 
otherwise. Men of power and position, if not of high 
education, were imbued profoundly with the same ideas as 
Mr. McTaggart, as evidenced in at least one striking instance, 
which would be scarcely credible were it not on official 
record. In the year 1838, the Governor-General and 
Council of the East India Company actually ordered that 
all the lightning rods should be removed from their public 
buildings, including the arsenals and powder magazines, 
throughout India. The rulers of the great country had 
.come to their decision, as they stated, by the advice of their 
* scientific officers,' who aU apparently shared Mr. McTag- 
gart's belief of the perils of ' the thunder rods of Franklin.' 
It was partly on the representation of the enei^etic vindi- 
cator of lightning conductors in Plymouth, that the order 
for their destruction in India was soon countermanded by 
the authorities in LeadenhaU Street, but not before several 
buildings had been destroyed, among them a lai^e magazine 
at Dumdum, and a coming-house at Magazine. As oflen 
before, so now, lightning itself proved the most powerful 
advocate of conductors, and in India they were more quickly 
set up than they had been thrown down. 

While designing lightning conductors for the ships of 
the Boyal Navy, Mr. William Snow Harris was called upon 
likewise by the Secretary of State for War to give advice as 

> Tltret I'ltin in Otnada. 8to, London, 18^. 
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to the beat protection that might be given to powder maga- 
zines and other stores of war material. He did aa requested, 
writing a very lucid paper on the subject, which met with 
the honour, unique in its way, of being put forward as an 
official document. To this day there is regularly issued 
with the ' Army Circulars ' from the War Office a series of 
* Instructions as to the Applications of Lightning Conductors 
for the Protection of Powder Magazines, &c.,' reproducing 
textually the recommendations of Mr. Snow Harris. These 
' Instructions,' containing the essence of what he wrote about 
conductors, and, in fact, the result of all his investigations 
on the subject, treat the whole ab ovo, and as such deserve 
quotation. ' Thunder and lightning,' Mr. Snow Harris wrote 
to the War Office, ' result from the operation of a peculiar 
natural ^ency through an interval of the atmosphere con- 
tuned between the surface of a certain area of clouds, and 
a corresponding area of the earth's surface directly opposed 
to the clouds. It is always to be remembered that the 
earth's surface and the clouds are the terminating planes of 
the action, and that buildings are only assailed by Ughtning 
because they are points, as it were in, or form part of, the 
earth's surface, in which the whole action below finally 
vanishes. Hence, buildings, under any circumstances, will 
be always open to strokes of Ughtning, and no human power 
can prevent it, whether having conductors or not, or 
whether having metals about them or not, as experience 
shows.' 

Mr. Snow Harris then went on philosophising. ' When- 
ever,' he said, ' the pecuhar agency — whatever it be — active 
in this operation of nature, and characterised by the general 
terra electricity or electric fluid, is confined to substances 
which are found to resist its prc^ess, such, for example, as 
air, glass, resinous bodies, dry wood, stones, &c., then an 
explosive form of action is the result, attended by such an 
evolution of hght and heat, and by such an enormous ex- 
pansive force, that the most compact and massive bodies 
are rent in pieces, and inflammable matter ignited. Nothing 
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appears to stand against it : granite rocks are split open, 
oak and other trees of enormous size rent in shivers, and 
masonry of every kind frequently laid in ruins. The lower 
masts of ships of the line, 3 feet in diameter and 110 feet 
- long, bound with hoops of iron half an inch thick and five 
inches wide, the whole weighing about 18 tons, have been 
in many instances torn asunder, and the hoops of iron burst 
open and scattered on the decks. It is, in fact, this terrible 
expansive power which we have to dread in cases of build- 
ings struck by lightning, rather than the actual heat 
attendant on the discharge itself.' 

He continued : ' When, however, the electrical agency ia 
confined to bodies, such as the metals, and which are found 
to oppose but small resistance to its progress, then this 
violent expansive or disruptive action ia either greatly re- 
duced or avoided altogether ; the explosive form of action 
we term lightning vanishes, and becomes, as it were, trans- 
formed into a sort of continuous current action of a com- 
paratively quiescent kind, which, if the metallic substance it 
traverses be of certain knotcn dimensions, will not be pro- 
ductive of any damage to the metal ; if, however, it be of 
small capacity — as in the case of a small wire — it may be- 
come heated and fiised ; in this case the electrical agency, 
as before, is so resisted in its course as to admit of its taking 
on a greater or less degree of explosive and heating effect, 
as in the former case. It is to be here observed, that all 
kinds of matter oppose some resistance to the progress of 
what is termed the electrical discharge, but the resistance 
through capacious metaUic bodies is comparatively so small 
as to admit of being neglected under ordinary circumstances ; 
hence it is, that such bodies have been termed conductors of 
electricity, whilst bodies such as air, glass, &c., which are 
found to oppose very considerable resistance to electrical, 
action, are placed at the opposite extremity of the scale, and- 
termed non-conductors or insulators. The resistance of a 
metallic copper wire to an ordinary electrical discharge- 
from a battery was found so small, that the shock traversed 
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the wire at the rate of 676,000 miles in a aecond. The 
resistance, however, through a metallic line of conduction, 
email as it be, increases with the length, and diminisheB witii 
the area of the section of the conductor, or as the quantity 
of metal increases.' 

After these theoretical explanations, Mr. Snow Harris 
went into the practical part of the business of protecting 
buildings, and, more especially, powder magazines and 
others containing explosive materials, against the effects of 
lightning. ' It follows,' he remarked, ' from these established 
facts, that if a building were metallic in all its parts, an iron 
magazine for example, then no dam^e could possibly arise 
to it from any stroke of lightning which has come within 
the experience of mankind. A man in armour is safe from 
damage by lightning. In fact, from the instant the elec- 
trical dischai^e, in breaking with disruptive and explosive 
violence through the resisting air, seizes upon the mass in 
any point of it, from that instant the explosive action, 
vanishes, and the forces in operation are neutralised upon 
the terminating planes of action — viz., the surface of the 
earth and opposed clouds. All this plwnly teaches us that, 
in order to guard a building effectually against damage by 
lightning, we must endeavour to bring the general structure^ 
as nearly as may be, into that passive or non-resisting state 
it would assume, supposing the whole were a mass of metal. 
To this end, one or more conducting channels of copper^ 
depending upon the magnitude and extent of the building, 
should be systematicaUy applied to the walls. These con- 
ducting channels should consist either of double copper 
plates, united in series one over the other, as in the method 
of fixing such conductors to the masts of her Majesty's ships, 
the plates being not less than 3^ inches wide, and of y'^th 
and ^th of an inch in thickness ; or the conductors may 
with advantage be constructed of stout copper pipe, not less 
than y^th of an inch thick, and 1^ to 2 inches in diameter i 
in either case the conductors should be securely fixed to the 
walls of the building, either by braces, or copper nails, oc 
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clamps. They should terminate in soUd metal rods above, 
projecting freely into the air, at a moderate and convenient 
height above the point to which they are fixed, and below 
they should terminate in one or two branches leading out- 
ward about a foot under the surface of the earth ; if possible, 
they should be connected with a spring of water or other 
moist ground. It would be proper, in certain dry situations, 
to lead out, in several directions under the ground, old iron 
or other metallic chains, so as to expose a large extent of 
metallic contact in the surface of the earth.' 

A few pr^nant sentences, which by themselves deserved 
the honour of permanently figuring in the ' Instructions ' 
sent out by the War Office, completed the advice given by 
Mr. William Snow Harris in respect to the setting up of 
lightning conductors. 'A building,' he truly remarked, 
• may be struck and damaged by hghtning without having a 
particle of metal in its construction. If there be metals in 
it, however, and they happen to be in such situations as will 
enable them to faciUtate the prepress of the electrical dis- 
charge, so far as they go, then the discharge will fall on 
them in preference to bodies offering more resistance, but 
not otherwise. If metallic substances be not present, or, if 
present, they happen to occupy places in which they cannot 
be of any use in helping on the discharge in the course it 
wants to go, then the electricity seizes upon other bodies, 
which lie in that course, or which can help it, however 
small their power of doing so, and in this attempt such 
bodies are commonly, but not always, shattered in pieces.' 
He summed up as follows : — ' The great law of the discharge 
is, progress between the terminating planes of action — viz., 
the clouds and earth — and in such Hne or lines as, upon the 
whole, offer the least mechanical impediment or resistance 
to this operation, just as water, falling over the side of a hill 
in a rain storm, picks out, or selects as it were by the force 
of gravity, all the little furrows or channels which lie con- 
venient to its course, and avoids those which do not. If in 
the case of lightning you provide, through the instrumentality 
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of efficient conUuctors, a free and iiiiinteiTUptal course for 
the electrical dischai^e, then it will follow that course with- 
out damage to the general structure ; if you do not, then 
this irresistible agency will find a course for itself through 
the edifice in aome line or hnea of least resistance to it, and 
will shake all imperfect conducting matter in pieces in doing 
so. Moreover, it is to be especially remarked in this case, 
that the damage ensues, not where the metals are, but 
where they ceaaed to be continued ; the more metal in a 
building, therefore, the better, more especially when con- 
nected by an uninterrupted circuit with any medium of 
communication with the earth.' 

* Such is, in fact,' he concluded, ' the great condition to 
be satisfied in the application of lightning conductors, which 
is virtually nothing more than the perfecting a line or lines 
of small resistance in given directions, less than the resis 
tance in any other lines in the building, which can be 
assigned in any other direction, and in which, by a law of 
nature, the electrical agency will move in preference to any 
others. The popular objections to lightning conductors on 
the ground that they invite lightning to the building, that 
■we do not know the quantity of electricity in the clouds, 
and that hence they may cause destruction, are now quite 
untenable, and have only arisen out of a want of knowledge 
of the nature of electrical action. What should we think of 
a person objecting to the use of gutters and rain-pipes for a 
house, on the ground of their attracting or inviting a flow 
of water upon the building ; and since we do not know the 
amount of rain in the clouds, it is possible that the building 
may be thereby inundated, — yet audi is virtually the argu- 
ment against lightning conductors.' 

Mr. Snow Harris, as already mentioned, received the 
honour of knighthood in 1847 ; and after this date lived in 
comparative retirement for twenty years at his residence, 
"Windsor Villas, Plymouth. However, he was called upon, 
in 1856, to undertake one more important work in design- 
ing a perfect system of lightning conductors for the new 
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Houses of Parliament at Weatminater. It was on tlie 
initiative of Sir Charles Barry, the architect, that the pro- 
posal was made by the Board of Works to Sir William Snow 
Harris, who accepted it with all his old eagerness for serving 
the cause of lightning protection. Accordingly, he drew up 
a plan, which he himself characterised, in a letter to the 
President of the Board of Works, dated February 14, 1855, 
as ' somewhat costly/ but which he felt sure would be 
absolutely certain * for insuring the safety of the buildings 
against one of the moat terribly destructive elements of 
nature.* In its essence, the plan consisted in protecting all 
the most elevated parts of the Houses of Parhament, includ- 
ing the towers, by ' a capacious metallic conductor of copper 
tube, two inches in diameter, and not less than one-eighth 
of an inch in tliickness,' to be fastened tc^ether ' by solid 
screw plugs and coupling pieces,' and 'secured to the 
masonry by efficient metallic staples.' To do this, Sir William 
Snow Harris calculated, would involve an expenditure of 
somewhat over 2,000/., but nothing less would accomphsh 
it. ' What I have recommended,' he wound up his letter, 
' has been the result of very serious and attentive delibera- 
tion, and I conscientiously think that what I have proposed 
is absolutely requisite to a permanent and satisfactory secu- 
rity of the buildings against the destructive agency of 
lightning.' The Board of Works entirely adopted all the 
recommendations of Sir William Snow Harris, and, in 
accordance with them, there was included in the Civil 
Service Estimates laid before the House of Commons in 
the session of 1855 a vote of 2,314/., on account of ' works 
necessary for securing the new Houses of Parliament against 
danger from lightning.' 

The vote passed without demur. It was in the height 
of the Crimean War fever, political questions absorbing all 
others. Perhaps in a time of less excitement some voice 
might have been raised in the House of Commons asking 
whether it was wise to spend over 2,000/. in putting up 
lightning conductors, without previously ascertaining, from 
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the beat scientific authorities, that the system adopted was 
the best, and absolutely efficacious. The strongly recom- 
mended ' copper tubes,' with their ' screw plugs and coupling 
pieces,' were at least a novelty, not having stood the test of 
experience, and there were practical men who shook their 
heads when they heard of them. However, with war dis- 
cussions raging fiercely, and reports of battles and sieges 
absorbing all attention, the House of Commons had no time 
to bestow upon such trifling matters as that involved in the 
plans of Sir William Snow Harris ; and thus the vote passed 
unchallenged. Perhaps silent repentance came afterwards 
to the official mind. At any rate, as it was the first, so it 
was the last time of Parliament granting money for lightning 
conductors. 
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CHAPl'EE IX. 

THE BEST MATERIAL FOR COXDUCTOKS. 

,*Thb art of protection against lightning,' says a recent 
German writer, in a book on conductors, ' is precisely the 
flame now aa it was a hundred years ago : still, it has made 
immense progress since that time.' Though apparently 
involving a paradox, the words nevertheless are literally 
true. The art, or rather science, of guarding objects against 
the destructive effects of lightning is theoretically the same 
as it was in the days of Benjamin Franklin ; nevertheless, 
the practical execution of the appliances necessary to attain 
this aim has undergone extraordinary improvements since 
that time. This has been due simply to the astounding 
progress of the metallurgical arts for the last forty or fifty 
years. With the help of machinery on a colossal scale, 
such as was never dreamt of before, our factories have come 
to produce metallic masses of dimensions and shapes such as 
make all former achievements of the kind appear utterly 
insignificant. We bnild huge iron ships, armed with cannon 
of ponderous weight ; we throw iron bridges across rivers 
and arms of the sea ; we lay metallic cables through the 
ocean and over the earth, encircling the globe. All these 
wonderful achievements, in which the development of 
engineering science went hand in hand with that of tool- 
making and the ever-growing employment of the power of 
steam, have gone to the constant improvement of lightning 
conductors. They have benefited, indirectly, in the result 
of great inventions, and of immense toil and labour, origi- 
nally directed to other ends. 
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There is something half touching, lialf comical, in read- 
ing of the troubles which Benjamin Franklin had to undergo 
before he was able to set up his firat hghtning coiiduetoi-. 
He could meet with no assistance but that of the blacksmith 
of httle Philadelphia ; and the ability of the latter in the art 
of forging iron rods more than a few feet in length was of 
the most limited kind. The ingenuity of Franklin overcame 
this difficulty by a variety of clever contrivances, such as 
connecting a number of small rods by caps and joints, fitting 
closely; but others were not so successful as he in the 
matter. Even in Paris there were no artisans to be found, 
for many years after hghtning conductors were first recom- 
mended, able to make them, and foreigners, chiefiy Enghsh, 
had to be brought there for the purpose. Tlie difficulties 
arising from this backward state of the industrial arts were 
greatly increased by the belief, prevalent for a long time, 
that lightning conductors, to be efficient, ought to be of 
very great height, their so-called ' area of protection ' being 
in proportion to their height. The supposition, originating 
in France, was carried to extremes in that country, chiefly 
through the teachings of M. J. B. Le Roy, a very able but 
eccentric man. Guided by vf^ue anal<^es in electrical 
phenomena, M. Le Roy, who enjoyed in his time — the latter 
part of the eighteenth century — the reputation of being an 
authority on the subject of lightning conductors, laid it 
down as an indisputable fact that the ' Franklin rods ' oidy 
protected buildings if rising high above them. He recom- 
mended the length of the rods above the chimney, or summit 
of any edifice, to be not less than fifteen feet, guaranteeing 
that, if of this height, they would offer absolute protection 
gainst hghtning over an area of four times the same 
diameter-^that is, sixty feet. Modem experience has proved 
this to be an absurdity ; still, in the infancy of all know- 
ledge about hghtning conductors it was, perhaps, not un- 
natural that even learned men should beUeveinsuch fancies. 
Lightning was looked upon, not only in name but in reality, 
as an electric 'fluid,' and the conductor was sujiposed to 
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draw this ' fluid ' from the clouds. Therefore it was but 
cogent reasoning to raise conductors as high above the roofs, 
and as near to the storm-clouds, as could possibly be done. 
If possessed of modern means for manufacturing pieces of 
metal of almost any length, M. Le fioy would not impro- 
bably have recommended to elevate Ughtning conductors a 
couple of hundred feet, instead of only fifteen, above the 
summit of buildings. 

It was owing chiefly to the difficulty of forging long iron 
pieces, and of welding them together in a satisfactory 
manner, that, for many years after Ughtning conductors 
bad been introduced into Europe, there were constant 
attempts made to find substitutes for the rods devised by 
Franklin. Chains were largely used towards the end of the 
last and the beginning of the present century, both in France 
and Germany, their employment having been suggested by 
the example of the English navy, where they were intro- 
duced, as already mentioned, upon the recommendation of 
Dr. Watson. The Continental mode of using iron chains 
for the protection of biuldings against Ughtning was to hang 
them between the upper part of the conductor, surmounting 
the roof, which continued to be a straight piece of metal or 
rod, and the lower portion buried in the ground, sometimes, 
but not always, likewise a chain, but thicker than the rest. 
The characteristic of this method, and showing its long 
existence, is that it gave rise to a nomenclature existing to 
this day in France and Germany, where in all books on 
hghtning conductors they are described as consisting of 
three distinct parts. The French caU the upper part of the 
rod, over the roof, ' la tige,' the stem or stalk ; and the 
Germans, 'rfie Auffangstange,' literally the reception-rod. 
In both languages the middle part, from the roof downwards 
to the earth's surface, is described as the conductor proper, 
* Je conducteur ' and ' der Letter.' Again, the lowest under- 
ground part of the conductor is designated, by the French, 
' la ra/nrte,' the root, and by the Germans as ' der BodenUiter,' 
or the ground-conductor. It has often been said that, as 
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langu^e springs from ideas, ao it reacts upon them, and if 
the proposition be true, as most will admit, the French and 
German designations of tlie parts of lightning conductors — 
also to be found in Italian, and adopted in a few of the older 
English treatises on the subject, mostly translations — have a 
strongly misleading tendency. Nothing could be further 
from the truth than the assertion that a conductor ought to 
consist of three distinct parts. On the contrary, the more 
it is ' one and undivided,' the better it will be as a lightning 
protector. 

The use of iron chains as conductors gave rise to very 
many fatal accidents, and for a time resulted in an outcry 
that the system itself could not be depended upon, as it was 
known to be not always efficacious. Lists were published 
of numerous instances in which buildings with what were 
supposed to be the best conductors were struck by lightning, 
from which it was argued that Franklin's great discovery of 
the electric force always seeking a metallic path to the earth 
was a myth. It was not till some painstaking scientific men, 
deeply interested in the subject, had set to work to discover 
the causes of the failure, that the whole became plain 
enough. The chains, in some of the instances in which they 
had proved inefficient lightning conductors, were found to 
be corroded to such an extent as barely to hang tc^ether. 
Of course this corrosion would impair the efficiency of the 
conductor by reducing the quantity of metal ; but the chief 
objection to the use of chains hes in the fact long ago 
pointed out by Mr. Newall, that even supposing a chain 
were formed of links of half-inch copper rods, and were 
perfectly bright and clean, the area of the conductor is 
reduced to a mere point wliere the links touch each other, 
and the resistance becomes so great in such a small con- 
ductor that instances have been recorded of the fusion of 
the links. In other cases, as in that of H.M.S. ' ^tna ' in 
1830, the chain was boomed out, and did not touch the 
water ! 

Simultaneously with the chains, there was trial made, in 
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8evera3 Continental states, and also in England, of several 
other metallic conductors besides iron. Tin and lead had 
both their advocates, but the latter more than the former, 
on account of its far lower price. As regards tin, it had 
really no advantages whatever over iron, except phability 
and non-oxidation. Against this was to be set that it was 
much more expensive than iron, with only about the same 
conducting power, according to Becquerel, Ohm, and other 
investigators. Professor Lenz, it is true, ranked tin very 
much higher, asserting, from experiments of his own, that 
its power of conductivity was nearly twice that of iron ; and 
it was partly owing to his great influence that the metal 
obtained a trial in several coimtries, more particularly in 
Russia and in the United States of America. Still, the result 
was not satisfactory on many accounts, and its price alone 
brought tin to be soon abandoned as a conductor. Lead 
had a far longer trial. Its cheapness recommended it 
strongly, and equally so its extreme pliabihty. One of the 
greatest difficulties of the constructors of * Frankhn rods,' 
when first they came into demand, was to make the iron 
pieces fit properly around sharp comers of buildings, either 
by bending them in fire, or, as was more commonly done^ 
soldering them together, or employing screws and other 
joints. But it was early discovered that these junctions, 
when occurring at acute angles, were bad conductors, occa- 
sioning sometimes the electric force to leave its traced 
course, and fly ofl" in some other direction. It is probable 
that, in several well-authenticated instances in which this 
really did happen, the joints were eaten away by oxidation, 
as in the case of the chains ; still, the effect of such occur- 
rences was all the same. The joining of strips of lead 
together was a far easier task than that of handhng iron in 
the same way, particularly for inexperienced workmen, and 
thus the employment of the metal continued for some time. 
However, it had to be abandoned gradually, on account of 
its manifest disadvantages. Its extreme softness, which 
made it liable to be broken by any accident, was one of 
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tliem, and, still more so, its want of conducting power— only 
about one-half that of iron. Thus leaden conductora slowly 
went out of use, except in the form in which they still 
act often to great advantage, that of water-pipes. 

Among all the experiments made for producing the most 
perfect lightning conductors, the one which created the 
greatest attention, some fifty years ago, both on the Con- 
tinent and in England, was the employment of ropes made 
of brass wire. They were first recommended about the year 
1815 by a professor at the University of Munich, J. C. von 
Yelin, distinguished for his researclies into the nature of 
thunderstorms. Through his influence most of the public 
edifices of Bavaria, more particularly the churcJies, were 
provided with conductora of brass ropes ; and witliin a few 
years their employment became so popular, owing to the 
ease with which they could be attached to all buildings, 
that even the Roman CathoUc clergy changed their attitude, 
and, fi*om being opposed to 'heretical rods,' advocated their 
extension in every direction. But it was not long before the 
trust in brass ropes as protectors agfunst hghtning was 
rudely shaken. Several instances occurred in which build- 
ings so protected were struck and damaged by Hghtning, 
and at last there came a case which attracted the widest 
attention, leading, on account of its supposed importance, to 
the institution of a Eoyal Commission to report thereon. 
The httle town of iRosstall, in Franconia, Bavaria, had a 
church the steeple of which waa 156 feet high ; and, stand- 
ing on the brow of a hill, it overlooked the country far and 
wide, visible for many miles. Necessarily much exposed to 
the influence of hghtning clouds, it had been provided with 
one of the best brass-wire conductors, designed by Professor 
von Telin himself, and made of unusual thickness, being 
over an inch in diameter. Nevertheless, on the evening of 
April 30, 1822, while a dark storm-cloud, of extraordinary 
thickness, was passing over Kosstall, a heavy flash of hghtning 
was seen to fall vertically upon the church steeple, followed 
by a terrible peal of thunder, which seemed to shake the 
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earth. When people looked up they beheld the church 
clock thrown from its place, and part of a lower wall of the 
edifice thrown to the ground. It was clear that the electric 
discharge from the atmosphere had been one of unusual 
energy, but equally clear that the trusted conductor had 
not done its work. 

It was partly through scientific controversies about the 
relative conducting value of metals, and partly through the 
action then' taken by several German Governments of pro- 
viding all buildings with lightning conductors, that the 
Bosstall case excited an extraordinary interest at the time. 
The Eoyal Commission appointed by the King of Bavaria, 
presided over by an eminent savant, Professor Kastner, went 
to Rosstall to inspect the effects of the lightning discharge, 
and^Professor von Yelin did the same, as an independent, 
though not disinterested witness. Their reports as to actual 
facts were the same. The hghtning, after striking the 
steeple of the church, had melted the top of the '■Auffaruf- 
atange,' or highest part of the conductor, and further down 
had passed along the brass rope till coming to the clock, 
only a few inches distance from it. Here the electric force 
had evidently divided itself into several streams — the one 
exerting its disastrous effects upon the clock and brickwork, 
and several metallic objects underneath, and the other 
passing down the rope conductor, but not without bending 
it, and, in one or two places, tearing it to pieces. Such 
were the facts, visible to all eyes. But the conclusion drawn 
therefrom differed widely. The members of the Royal 
Commission made it public that the reason of the Bosstall 
hghtning conductor not hanng been efficient had simply 
arisen from its nature. Brass-wire ropes, they declared, 
though perhaps useful against small discharges of electricity, 
formed no rehable saf^uards agwnst powerfiil ones ; and 
they therefore strongly advised a return to the old-feshioned 
iron rods. The conclusion was vehemently disputed by 
Professor von Yehn. He admitted that it might be better, 
to provide for the proper discharge of extraordinary masses 
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of the electric force, to make bis brass ropes, when applied 
to high churches and other large edifices, even thicker than 
they had been at Kosatall ; but at the same time he utterly 
denied that, even in this case, they had been the origin of 
the disaster. He showed that the real cause of it was that 
the conductor had not been laid deep enough into the 
ground, ao as to touch moist earth. The church stood upon 
sandy soil, on an eminence, and to touch ' good earth ' the 
brass rope ought to have been sunk dovm to a depth of at 
least fifty feet, whereas it did not reach one-third of that 
depth. The professor was undoubtedly right, but his 
antagonbts nevertheless prevailed. A pubUc prejudice, 
which no argument could overcome, set in against brass- 
wire conductors, and they were pulled down from nearly 
all buildings on which they had been laid, to be replaced by 
iron rods. Some time had to elapse before real justice was 
done to metaUic ropes as lightning conductors. 

With our present knowledge of electrical phenomena, 
and the practical art of making conductors, it may safely be 
affirmed that the Munich professor was right in recom- 
mending ropes, though not in approving of brass as the best 
metal. In its very nature, brass, a compound, can never be 
thoroughly reUable, because its conducting power varies 
according to its composition. The facility with which it 
allows the electric force to pass through it depends, in fact, 
entirely on the amount of copper which brass contains, and 
is greater or less accordingly, since the other metal enter- 
ing into its composition, zinc, has less than one-third the 
same conductivity. Now brass is, for various purposes, 
made sometimes of 70 parts of copper and 30 parts of zinc, 
and again, only equal amounts of both metals, setting 
calcidation as to its conducting power entirely at nought. 
But besides this, brass has the great fault of being exces- 
sively Uable to destruction by atmospheric influences, and it 
was found, among others, in Germany, that while brass ropes 
were used as hghtning conductors, they were frequently 
destroyed, in a comparatively short space of time, by the 
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action of smoke alone. It is true, the Continental mode, 
existing both in France and Germany, of spanning conductors 
over tlie tops of chimneys — illustrated in the engraving 
here as a -warning ' how not to do 
it' — had much to answer for this 
atmospheric deterioration, since even 
tougher metals than brass could not 
be expected to stand the constant 
action of smoke, often containing 
sulphuroua fumes. But even with- 
out such an evidently absurd ar- 
rangement as that of running any 
conductors, wliether in the form of ropes or cords, across 
ihe orifices of chimneys, brass could never have answered 
all tlie requirements of a lightning conductor. It was with 
justice that brass-wire ropes were nearly altogether discarded 
some thirty or forty years ago, after having had a short-lived 
reputation. 

That copper should not have been employed, long before 
brass and other metals, in serving mainly for hghtning con- 
ductors, its pre-eminence for this purpose being undisputed, 
would seem a strange fact, were it not explicable on several 
grounds. The first was the cost of the metal, which, though 
Varying in price, is seldom less than six or seven times that 
uf iron. It was needless for the advocates of copper as con- 
ductors — and there were not a few from the time its high 
conductive power had been demonstrated — to say that if 
copper was six times as dear as iron, it was likewise six 
times better as a carrier of the electric force, and that con- 
sequently the price, in respect of applicabiUty for lightning 
protection, was in reahty the same. But the reply to this 
was that copper, being one of tlie most expensive metals, 
except the so-called ' precious ' ones, was exposed to the 
temptation of theft, and ouglit therefore not to be em- 
idoyed, since it was possible that vagrants, or other people, 
might tear off at any time the, in more than one sense, 
valuable jucces of metal protecting buildings against destruc- 
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-tion from lightning. The argument, perhaps, was not wortli 
-inucli, but a better one not mentioned was in the back- 
ground. It was, till quite recent times, an achievement of 
the greatest difficulty to manufacture lonj^ rods or bands of 
sufficiently pure copper to serve as lightning conductors. 
Sir William Snow Harris attempted, aa already related, to 
get over tliis impediment by taking short plates, and fasten- 
ing them together, and over each other, by copper nails. 
But this process, besides being enormously expensive, was in 
many other respects unsatisfactory, notably in that it made 
a shifting of the plates possible, and by the destruction of a 
few of them ruined the whole system. The pith and sub- 
stance of the whole was the technical difficulty of hammer- 
ing or drawing pure copper out into great lengths. That it 
must be pure was essential, the fact being thoroughly estab- 
hshed that the electric conductivity of copper, mised with 
impurities such as arsenic, is often not two-thirds, and 
sometimes not as much as one-half, that of the pure 
metal. This was conclusively shown by Sir "William Thom- 
son in a series of researches, and likewise by that distin- 
guished investigator in the conductivity of metals. Professor 
Matthiessen. The latter, while placing copper on the same 
rank with silver, and far above gold — 100 to 78 — furnisheil 
tlie following instructive list as to the relative value of dif- 
ferent kinds of copper :— 

Pure copper lOOflO 

Bert Americui copper 83'€7 

AiutraJUn copper . ' 88'86 

Riudan copper 6&'34 

SpEuiish ' Rio Tinto ' copper .... 1424 

It will be seen that, according to the investigations of Pro- 
fessor Matthiessen, admitted on all hands to be correct, the 
copper lowest in the list, the ' Eio Tinto,' is barely equal to 
iron in electrical conductivity, and, not having the hardness 
of the latter metal, would be in every way inferior to it as 
a lightning protector. The employment of the purest copper 
therefore became an essential point in the manufacture of 
lightning conductors. 
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Fortunately, the difficulty was solveil, at an earlier 
period than might have been expected, by the demand for 
aubmarine cablea. These had to be made of wires of the 
highest possible electrical conductivity, and the matter 
being one of high financial and comraercial importance, 
manufacturers soon began to use the utmost care in selecting 
ores containing the smallest amount of metallic impurities. 
We believe the lightning conductors now manufactured at 
the extensive works of Mr. R. S. Newall, F.R.8., established 
at Gateshead on Tyne about forty years ago, have generally 
a conductivity of 93 per cent, of pure copper. It waa Ifud 
down by one of the most eminent scientific men of the day, 
not long ago, that the three principal quahties of a good 
hghtning conductor ought to be a maximum of conductivity, 
of durability, and of flexibility that could be obtuned, and 
there is nothing coming up to this standard so well as ropes 
of pure copper. 
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CHAPTER X. 

HOTEL DE VILLB, BBU88ELS, AND WEOTMINSTEtt PALACE. 

Thb systeme of lightning-conductors used for the protection 
of the Hotel de Ville and Westminster Palace seem worthy 
of separate description, as showing the methods employed by 
Professor Melsens and the late Sir WUliam Snow Harris, both 
eminent authorities in their respective countries. The two 
buildings are so entirely distinct in their character, that it 
will be seen at once that very different methods had to be 
employed in rendering them safe from the effects of thun- 
derstorms. 

The H6tel de Ville, Brussels, one of the finest Gothic 
structures in the Netherlands, is fitted with an elaborate 
system of lightning-conductors, erected under the superin- 
tendence of Professor Melsens, a distinguished electrician 
and scientist. He has for many years advocated the me- 
thod of employing a great number of small lightning-rods, 
in preference to one rod of lai^e size, for the protectionof 
buildings from the effects of hghtning ; the main character- 
istic of his system being that of covering the building with 
a network of metal furnished with very many points, com- 
bined with numerous and ample earth-contacts. This idea 
has been thoroughly worked out at the Hotel de Ville, 
Brussels ; and probably no other building is so completely 
guarded from the dangers of thunderstorms. The principal 
feature of the H6tel is a large central building, with a pin- 
nacled turret, from which rises a lofty spire, nearly three 
hundred feet high, and adorned with four galleries, each 
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with corner ])iiinacle8. Upon the top of this spire is a 
gilded colossal figure, seventeen feet high, of St. Mi(^hael, 
holding a naked sword and standing upon a dragon. Tliis 
acta as a vane, and the point of the sword forms the 
highest terminal conductor of the system. The main blotrk 
of the Hotel is ornamented with six turrets, fi'om each of 
which springs a small spire. In tlie rear is a courtyard 
formed by buildings annexed to the front main block, 
and composing the remaining three sides of this inner 
quadrangle. 

The figure of St. Michael, all the parts of which are 
rivetted and soldered together, rests on a pivot of iron, 
three and a half inches in diameter, which is deeply em- 
bedded in the stonework of the spire. The weight of the 
vane produces a metallic connection with the pivot, and the 
top of the platform in which tlie pivot is fixed is covered 
with sheet-copper. Around this and in connection with the 
pivot are fixed eight perpendicular galvanised iron con- 
ductors, two-fifths of an inch in diameter, and provided 
with five points each. A flash of lightning striking the 
statue would thus reach the pivot and then be divided be- 
tween the eight conductors. Just below the platform are 
placed, at an angle of 45 degrees, eight large points six 
and a half feet long. These are fastened to an iron 
band which encircles the spire, and are connected with the 
eight conductors by means of a mass of zinc. Thus the 
pivot of the statue, and consequently the statue itself, tlie 
eight conductors, the eight large points, and the forty small 
points on the conductors, constitute a protection which domi- 
nates the edifice, and represents a circular space of about 
five and a half yartls in diameter; that is, between the 
extremities of the large points which project from under 
the platform. In this manner a flash of lightning is 
instantly distributed and conveyed by the conductors to 
the ground. It may be mentioned here that a thin copper 
wire, insulated by three coatings, is flxed on the north side 
x>f the iron band in which the large points are fastened ; 
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the Other end of this wire ia left free, and can be utilised 
as a conductor for a rheometer or any other electric 
machine which it might be thought proper to use per- 
manently for the r^istration of lightning striking the 
fwnductors. 

The eight conductors have each an unbroken continuity 
of about 310 feet ; and they collectively show a continuous 
section of nearly oue inch — almost half as much agfun as 
the Umit of safety given in the ' Instruction ' of the Paris 
Academy. Although, in Professor Melsen's opinion, rods of 
somewhat less diameter would have been amply sufficient 
for security, he chose the largest size which could be easily 
bent to the varying contours of the building, and also as 
allowing for the expansion and contraction caused by changes 
of temperature. If conductors of only one quarter oi an 
inch diameter had been used they would, it is true, have 
shown a total section just above the limit of the ' Instruc- 
tion ; ' but, since Coulomb has demonstrated that teusional 
electricity is more particularly carried on the surface of 
bodies, M. Melsens thinks it is necessary to consider the 
action that thb surface might exercise in the easy trans- 
mission of electricity. Some old German writers on this 
subject went so far as to assert that the conductivity was 
proportioned to this surface. They therefore recommended 
flat bands or hollow tubes in place of rods. Although 
exact %ures cannot be given as to the effect due to the 
area of the surface, M. Melsens considers that it is un- 
questionable that the relation of the section to the surface 
has a marked and definite, although at present unknown, 
result. In the case of the H6tel de Ville, Brussels, he 
thinks the eight conductors possess a signal advantage 
over one conductor, even though it had a larger section 
■ — say one inch. Experience will doubtless teach how 
to determine more precisely the extent of this surface- 
action. 

The eight conductors descend the length of the octagon 
of the spire until they reach the first gallery ; going round 
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this they pass over the balustrade, and then converge to- 
wards each other ; are carried over a prominehce in the 
roof; and as they pass along gather up other conductors of 
similar size from the ridges and parapets of the buildings 
which form the quadrangle. Projecting vertically from 
these horizontal lengths of the conductors are a large 
number of points and aigrettes. The summits of the lower 
tower are also furnished with a great many points. These 
eight main conductors are then taken down the wall of the 
building into the courtyard, and at about three feet from the 
ground are carried into a box constructed of galvanised iron, 
and in it are connected into one solid mass by zinc, which 
has been poured molten into the box. Almost throughout 
their length the conductors are left loose, so as to remove 
all complication arising from dilatation ; the play of this 
dilatation being rendered easy on account of the small 
section of the conductors, which bend readily. 

In accounts of Ughtning striking buildings which have 
been provided with lightning-conductors, it is almost inva- 
riably found that these conductors are incomplete, and have 
generally been fixed by persona ignorant of the scientific 
questions involved. When the facts in such cases are care- 
fully examined it is found, as a rule, that the defect is in tlie 
connection with the water underground, or in the bad con- 
ductivity of the earth in which the conductors terminate. 
In establishing a perfect communication with the earth, M. 
Melsens considers it is necessary, not only to place the 
conductors in contact with water, but also to see that the 
contact extends over a large surface. The Paris Academy 
* Instruction ' recommends this precaution, but in a very 
vague and too succinct a manner. To the above rule may 
be added another condition, namely, that the earth-connection 
should be large in proportion as the site of the building is 
redundant in metal products in direct or indirect contact 
with the ground, the subsoil, or the damp earth of the foun 
dations, and sometimes even with water itself. With regard 
to the metal contained in the materials of buildings, it ia 
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not sufficient to eatabliah a connection at one point only, as 
is generally supposed. On the contrary, it is important that 
all the metal-work should be connected with the conductor 
at least at two points, in order to realise closed metallic 
circuits, and thus offer an entry and exit, or a free metaUic 
course, for the current of electricity. The foregoing state- 
ments have been placed here chiefly because the principles 
they convey have been so rigidly, and at the same time 
succeBsfiilly, carried out by Professor Melsens at the H6tel 
de TiUe, Bnissels. 

To return -to the eight conductors and the earth-connec- 
tions provided for them It has been shown that these con 




ductors, after descending the wall of the building, reach a 
point about three feet fix)m the ground, where they are 
embedded in a rectangular box of galvanised iron, which is 
eight inches long, three inches broad, and three and a half 
inches high. In the bottom of the box are three holes, 
through which pass three series of eight conductors, each 
series being of the same diameter as those which descend 
from above ; the conductivity being thus increased three- 
fold. All of these are formed into one mass by the zinc, 
which has been poured into the box in a molten state, so 
that they constitute with the eight rods from above, one 
integral conducting system. In the illustration which is here 
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given the box is represented by B, and the eight main con- 
ductoFB coming down from the building by c c. The three 
series of rods numbered 1, 2, 3 show the triplicated con- 
ductors issuing from the box. The first series 19 placed in 
communication with the water by means of an iron pipe, 
which carries it underground to a well. Here the rods are 
inserted in a large tube six and a half feet long and nearly 
two feet in diameter (see engraving). This tube is let down 



almost four feet below the level of the earth, and sustained 
by two chains hung on two iron holdfasts fixed in the side. 
The conductors c c are fastened to this tube in the fol- 
lowing manner : — A small length of straight iron cyUnder 
is placed outside the flange of the tube ; and the ends of the 
conductors being arranged between the cyUnder and the 
flange, the space a a is filled with molten zinc ; thus render- 
ing the substance of the iron tube and that of the conductors 
metallically continuous. The well into which the tube is sunk 
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fiimishes perpetually a contact of eleven square yards be- 
tween the water and the iron of the tube. Into the space 
a a is also introduced a lai^e number of small galvanised 
iron wires to act as auxiliary conductors ; these are termi- 
nated by being brought to a point and soldered to the mass 
of zinc Iq order to prevent as far as possible the forma- 
tion of ruat, a large quantity of lime is thrown into the 
well, in order to make the water alkaline. The second series 
of conductors, painted with coal-tar, is placed in a covered 
metal gutter and carried some distance to a gas-main in a 
spot where the earth is moist. The conductors are fixed by 
means of a large copper plate, which is soldered to the gas- 
pipe or main. On the copper plate are fastened sixteen large- 
beaded brass screws, to which the conductors are secured. 
This arrangement is enclosed in brickwork, the wires being 
painted with coal-tar ; and a quantity of boiling tar is poured 
on the copper plate, over which is Iwd a cloth, thus pre- 
serving the whole from oxidation. The third series of 
conductors is carried in a gutter, similar to that which 
contains the second series, to a water-pipe in the Place de 
rH6tel de YiUe, and the wires are fixed to it in the same 
way. 

It may be added that the whole of the conductors above- 
ground — ^with the exception of the points — are painted with 
oil. 

Although it is correct that the coke generally placed 
around the earth-connection of conductors aids by its good 
conductivity to bring them in contact with a large surface of 
earth. Professor Melsena has preferred to employ tar, which, 
it is true, is insulating, but helps materially to preserve the 
conductors. It is estimated that the entire contact between 
the earth and the underground surface of iron is about 
300,000 square yards. 

Professor Melsens thinks it is worthy of note that, al- 
though copper is a better conductor of electricity than 
iron, it has leas molecular strength. Where thin iron wire 
would simply be beaded — without losing its conductivity — 
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by an exceptionally strong charge of electricity, copper 
■vrire of the same thickness would by a similar charge be dis- 
sipated to a black powder. Professor Melsens has venfied 
this in some very interesting experiments. The large use of 
iron in his system of conductors on the Hdtel de YiUe, 
Brussels, was rendered imperative by reason of the enormous 
cost of sufficient copper for such an extensive system. But 
Professor Melaen's experiments, nevertheless, give some 
support to the selection of iron for large and complete 
works of this kind. 

Sir WiUiam Snow Harris, in his arrangements for the 
protection of the Palace of Westminister from lightning, 
has endeavoured to perfect the general conductivity of the 
whole mass of the building, and so make it assume the same 
relation to the electric discharge as if it were a complete 
mass of metal. Westminster Palace differs in one important 
respect from the Brussels H6tel de Ville — the general level 
of the roofe is covered with iron coated with zinc, and in 
mauy places directly connected with the earth by cast-iron 
water-pipes. The roofing thus constitutes, although im- 
perfectly, and only to a limited extent, a protection of itself 
Sir William Snow Harris had, therefore, chiefly to provide 
for those portions of the building which are above the general 
level of the roofs, and, by the use of ample conductors of 
copper, to make up for the comparatively low conductivity 
of the roofing and the iron pipes which connect it with the 
earth. 

From the terminal which forms the highest point of the 
large central tower is brought a copper tube of two inches 
diameter and one-eighth of an inch in thickness, the joints of 
which are secured by solid screw-plugs and coupling-pieces. 
This tube is carried down in the south-west angle of the tower 
and fastened to the masonry by metallic staples. At the 
junction of the tower with the roofs the tubing is, or at 
any rate was, thoroughly connected with the metal of the 
roof, and then continued to the earth in as straight a course as 
practicable, and there terminates in two projecting branches 
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made of solid copper rod. By carrying tliia copper tubing 
direct to the earth, instead of terminating it in the metal- 
work of the roof, the electrical discharge obtains a con- 
ducting medium of the same power throughout, in place 
of having to leave a high power for one of lower conduc- 
tivity. 

The ^ctoria and Clock Towers, which are each 300 feet 
high, are both fitted with a copper band, five inches wide 
and a quarter of an inch thick. These run down the walla, 
and are connected with the metal of the roof, and also with 
the metaUic riul of the staircase within each tower. The 
ornamental turrets and pinnacles of St. Stephen's Porch are 
protected by small bands of sheet-copper, two inches wide 
and one-eighth of an inch thick ; these are also placed in 
connection with the metal of the roof. 

The north and south towers of the central block, and the 
north and south wing towers of the front facing the Thames, 
have attached to them bands of sheet-copper running from 
their respective vanea to the roofing below. The bands are 
connected with the metal of the roof, and are then carried 
down independently to the earth, in a similar manner to that 
adopted on the large central tower. 

The only other prominent portion of the edifice is the 
ventilating shaft of the House of Commons, where, during the 
sitting of Parliament, a coke-fire is generally burning, and 
from which, therefore, a stream of warm and rarefied air 
is constantly being emitted. The conductivity of an ascend- 
ing column of warm vapour is known to be great, and 
accidents from this cause are of frequent occurrence, 
although very often they are not ascribed to their true 
source. To obviate this danger, the ventilating shaft is 
provided with a copper tube conductor, filxed on its eastern 
side, and connected with the metal of the roof. 

This short description of the measures adopted by Sir 
William Snow Harris for the protection of "Westminster 
Palace contains all the saUent points of the system which 
at that time, some twenty years ago, was doubtless the best 
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that could be deviaed. But, although nearly 4,0001. was 
spent upon this work, from that time to this, as far aa 
can be ascertained, these lightning-conductors have never 
been tested I It is therefore very possible, and indeed 
probable, that on the occurrence of any very heavy 
thunderstorm they would be found wanting, and consider- 
able damage would ensue, the extent of which no one can 
estimate. 



I oy Google 



CHAPTER XI. 

WZATHXBC0CE8. 

Although such an opinion seems scarcely orthodox, it 
may, and not unreasonably, be doubted whether weather- 
cocks are of any great use in demonstrating the direction of 
the wind. The under-currenta of air aie so numerous and 
80 conflicting — especially in towns where the houses are 
lofty — that it is quite possible for two weathercocks at 
different ends of the same street to show at the ^ame 
moment the wind blowing from opposite directions. How- 
ever, the prevailing custom of placing these ornaments, in 
connection with hghtning conductors, on the highest points 
of large buildings renders necessary some explanation of the 
manner in which they should be fixed; for if they are 
improperly or negligently attached to the lightning con- 
ductor, the continuity of the latter may be rendered 
defective, or at least seriously impaired. 

The two main points to be kept in view are, that the 
weathercock should move freely with the wind, and that 
the continuity of the hghtning conductor should be pre- 
served. One method of obtaining this result is to put the 
weathercock into a circle, with the terminal rod of the 
lightning conductor on the top. This is called the • nimbus 
cock,' and is in somewhat doubtful taste. The continuity, 
however, is perfect, and the cock, which is simply placed on 
to a point, moves easily with the wind. An example of this 
cock may be seen erected on the central finial of the 
Cathedral at Amiens. 
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A different way is to make the terminal rocl of the 
conductor serve as a pivot for the cock, as shown in fig. 1. 
This is the usual kind of weathercock used in England, and 
is considered by many to be one of the best forms. It is 
, arranged in this manner : the actual terminal of the con- 
ductor ends with a rounded or sharp point of steel, and acts 
as a spindle, on which the weathercock revolves. It varies 
in diameter from five-eighths to three-quarters of an inch. A 
tube, from seven-eighths of an inch to one inch in diameter, 
and on which is fixed the cock, is made to fit on to this 
terminal or spindle. This tube contains at the extremity 
of its interior a piece of steel or glass, 
or sometimes a glass ball, and being 
lengthened to a point, with a platinum 
or copper tip, serves as the point of 
the liglitning conductor. This weather- 
cock is generally called a ' formed 
' cock ; ' it measures at its extreme 
I length about twenty-one inches, and 
I weighs about twelve pounds. It will 
be seen that in this method there is 
nowhere absolute contact between the 
point and the pivot ; consequently 
electric sparks must be caused by the 
current of electricity. Besides this 
defect, if the metal becomes oxidised 
between the surfaces, insulation will be the result. This 
plan, though often adopted, sacrifices the principal for the 
sake of the accessory. 

Rg. 2 shows another method of fixing the weathercock 
on to the conductor. It is called a ' solid cock,' and is cut 
out of sheet-copper one-sixteenth of an inch thick ; it re- 
volves on a spindle in the manner shown in the engraving. 
This spindle, on which the cock or * blade ' works, differs in 
diameter according to the weight of the bird, the height and 
style of the building, &c., but as a rule it is from five-eighths 
to three-quarters of an inch in diameter. 
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It is usually used for Gothic buildings and private 
maiwiona, but should not be adopted, as it is apt to be lifted 
off its spindle by the wind. When a down-current of wind 



takes place there is generally an up-cilirrent at the same 
time, and there is a possibility of the cock being blown off 
during a gale. If it is used it should have a long point fixed 
above it. 

A better arrangement than either of the two preceding 
ones is to let the point go quite through the weathercock in 



an encasement. The cock is then supported on a small 
round embasement, upon irhich are placed three small 
rollers (see fig. 3} ; on these the vane revolves easily, the 
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continuity of the lightning conductor ia perfect, and the 
weathercock freely turns round on the point eo long as the 
small rollers are in order. In this arrangement, as in most 
others, the best material for the point ia copper. Steel has 
occasionally been used, but it was found that in a very short 
time the mat had so eaten into the joints that the cock 
would not turn with the wind. 

The most complete and enduring method is that indicated 
in figs. 4 and 5 ; this ia the plan adopted in England for all 
the best work. By this arrangement, the friction being very 
much diminished, tlie weathercock revolves with great ease 
and freedom ; the possibility of its getting out of order is 




reduced to a minimum ; and the continuity of the lightning 
conductor remains unimpaired. 

It is accomplished in this way : — A circular plate, through 
the centre of which the point passes, is permanently fixed 
some distance down the point. On this circular basement 
rest three glass balls, rolling on three axes radiating from 
the centre, i.e. the point, and fixed in their outward ex- 
tremities to a ring which surrounds the balls (see fig. 5). 
On these balls is placed another circular plate, on which 
is fixed the weathercock. The weathercock and circular 
plate, with a hole through the centre, is simply put on to 
the point of the conductor, and allowed to rest loosely of its 
own weight on the balls of glass. 
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CHAPTER Xn. 

UQHTlflHG FBOTECnON IN FBANCE AND AUEBICA. 

In thia chapter it is proposed to give a brief rSsumS of the 
different systems of constructing, erecting, and repairing 
hghtning conductors in France and America. The laws of 
electricity being the same all the world over, the methods 
employed in these countries are necessarily similar in their 
essential principles; nevertheless they vary somewhat in 
detail, both from each other and from the work of the best 
firms in England. 

Until a very few years ago the lightning conductors 
throughout France, although many in number, were in a 
very neglected state. Badly constructed in many cases, 
their ori^al faults had grown worse from want of attention. 
The connection of the terminal rod with the conductor was 
generally made by means of a strap or iron collar, which, 
after a short time, rusted to such an- extent that the con- 
tinuity was practically reduced to nothing, and the conductor, 
80 fur from being a protection to the building, was a positive 
danger to it. 

Latterly, however, a reaction has taken place, and a 
more careful method of connecting the various joints of the 
conductor has been contrived, or rather, revived, and a 
better system of periodical inspection and testing is carried 
out. 

Under the French system, what is called in England a 
lightning conductor, and to which the French give the name 
Paratonnerre, is nominally divided into three parts : the ter- 
minal rod, the conductor, and the Tocine-, or root, i.e. the 
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earth connection. With regard to the terminal rod, the 
' area of protection * theory is, in France at any rate, still 
believed in by a great many people. In that country, as a 
rule, it ia made of wrought iron in a single length, and poly- 
gonal or slightly corneal ; its height depends upon the size 
and area of the building it protects, the general presumption 
being that, under ordinary circumstances, a terminal rod 
will protect effectually a cone of revolution, of which the 
apex is the point of the rod, and the radius of the base a 
distance equal to the height of the said rod above the ridge, 
multiplied by 1*75. Thus a rod rising eight yards above 
the ridge of a building would effectually protect a cone- 
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shaped space, the base of which, at the level of the ridge, 
has a radius of 8x1-75=14 yards. In actual practice 
somewhat wider limits are allowed. The height of the ter- 
minal rod having been determined according to the circum- 
stances under which it is erected, it is then galvanised with 
zinc in order to prevent oxidation, and the connection be- 
tween the terminal rod and the conductor is formed by 
means of the following arrangement. A little above the 
base of the terminal rod, say about eight inches from the 
roof of the building, a flange A (see fig. 1) is welded with a 
hole pierced through it. Through this hole the conductor, 
previously filed down to the proper dimensions, must be 
tightly passed. After scraping the iron around the hole, a 
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washer of lead is placed at p and ^ (see fig. 2), and the 
button B, by means of a strong layer of solder, thoroughly 
binds everything together. In this way an excellent joint ia 
obt^ed ; the contact surface is considerable, and, if the 
work is carefully done, the joint is completely preserved 
from rust. 

The point of the terminal rod, although 
sometimes made of platinum, generally con- 
sists of either pure red copper, or, what is 
considered still better, an alloy of 835 parts 
silver and 165 parts copper. It is fastened to 
the terminal rod in the manner shown in 
fig. 3. 

c is the trunk of a red copper cone, upon 
the top of which a point, p, made either of 
platinum or of an alloy of silver and copper, 
aa before mentioned, is screwed, pinned, and 
strongly soldered with pewter solder at a, 
the whole being screwed on to T at b. To 
ensure complete contact and continuity, a 
washer of freshly-scraped lead is inserted 
between c and t, and the whole of the joint 
thickly covered with a layer of pewter solder. 
It may be added that the point forms an 
angle of fifteen degrees with the vertical, 
consequently the point terminates in an angle 
of thirty degrees. 

For the conductor of the * paratonnerre ' i 
lengths of iron bars are principally used ; 1 
formerly these were jointed together by means ^ 
of a pyramidal bolt let into a notch of the 
same form, and connected by a simple iron pin. This method, 
however, was discovered to be very bad, as it failed to pre- ^ 
serve the continuity of the conductor after it had been 
erected a httle time. The following plan, as represented in 
fig. 4, is now used for the best work, as being more durable 
and aflbi-ding a better contact. On each side of the bars to 
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be joined, two flanges, about six inches long, and half the 
thickness of the bars, are filed out. A thin piece of carefully- 
prepared lead is then placed between them. The whole is 
then firmly fastened together by bolts at B and B 
and completely covered with pewter solder, and 
thus furnishes a solid, durable contact which pos- 
sesses very small resistance. 

Formerly the conductors were, at regular 
intervals, rivetted to cramps let into the wall for 
the purpose of retaining the conductor in its place. 
As this plan left, no room for the play of expansion 
and contraction caused by variations in the tem- 
perature, it was found that at times the con- 
ductor was very much strained and even bent by 
reason of this expansion and contraction. To avoid 
this evil an apparatus, which has been approved 
^" • by the Paris Academy of Sciences, has been sub- 
stituted for the cramps and rivets. This apparatus consists 
of a fork in which the conductor is held fast by a pin (see 
fig. 5). Being able to move backwards and forwards in 
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Fig. 6. 

the fork with great facility, the conductor is thereby per- 
mitted to expand or contract under the influence of tem- 
perature without threatening its supports with destruction. 

The question however arises, upon what part of the 
paratonnerre ought the efl*ect of such contraction or expan- 
sion to be borne? The Paris Academy of Sciences has 
sanctioned and recommended the use of a compensator, 
which is designed to bear this strain. This compensator, 
which is now much used in France, may be seen in fig. 6. 
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It ia composed of an elastic plate f, made of weU-annealed 
red copper, three-quarters of an inch wide, at least twenty- 
eight inches long, and about a quarter of an inch thick. 
The two extremitiea of this plate are firmly fastened to the 
two ends of two lengths of the conductor by the bolts and 
counterpieces B b', and afterwards covered with a thick coat- 
ing of pewter solder. When, in consequence of the heat, the 
conductor expands, the curve of the copper plate p will 
become greater, and in cold weather it will become less. As 
a rule, a single apparatus is supposed to compensate for the 
effects produced by long straight lengths, and it is therefore 
bought sufficient to place one at each bend. 

With the exception of the terminal rod, it is the rule in 
France to cover the whole of the paratonnerre with some 
coating in order to preserve it from contact with the air. 




This is attained by covering it with either a strong coat of 
tar, or a painting of a metallic basis, such as zinc or tin 



la larger buildings what is termed a • ridge-circuit ' is 
often used. It consists of an unbroken metallic connection 
running along the ridges of the building to be protected, and 
connected with the conductors and terminal rods, and con- 
sequently with the subterraneous sheet of water which forms 
the common reservoir. It is made of lengths of square iron 
bars or rods having a thickness of about three quarters of 
an inch square, and fastened together by overlaying the 
ends, bolting them together with two bolts, and covering 
them well with solder in the manner shown in fig, 4. New 
branches are formed by T-sbaped connections, the cross- 
piece of the T overlaying the original ridge-circuit, and the 
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stem making the first length of the new branch. In aome 
cases the ridge-circuit rests directly on the ridge of the roof; 
but in order to avoid injury during the repairs to the roof 
or in other ways, the plan adopted in good work is to raise 
it some distance above the ridge on supports at suitable 
distances, and thus prevent the possibility of damaging the 
joints and solderings. 

The form and arrangement of these supports depend on 
the nature of the roof. Sometimes forked uprights are used 
— these allowfor the expansion and contraction due to changes 
of temperature; in other cases simple cast-iron bearings, 
weighing from ten to twelve pounds each, are laid upon the 
ridge, their upper surfaces being grooved to receive the bars 
of the ridge-circuit. 

- AH masses of metal used in the construction of the 
building are metaUically connected with the paratonnerre. 
As a rule, this is done by pieces of iron about half an inch 
square, which are strongly soldered to the metal surfaces, 
and then connected with some part of the conductor or 
ridge-circuit. 

Although in France, as elsewhere, all experts are ^reed 
as to the prime importance of the disposition and arrange- 
ment of the racine or earth-end of the paratonnerre, a differ- 
ence of opinion prevails as to the best means of insuring a 
good earth -contact, and many methods have been tried, all 
of them similar in principle, but differing somewhat in appli- 
cation. It is proposed to give here a brief outline of the 
best contrivances employed for this purpose. 

One main object, in arranging the earth terminal of a 
lightning conductor, is to avoid the gradual destruction of 
the racine by the action of alternate dryness and moisture 
which, unless the iron is protected in some way, corrodes, 
and eventually eats it entirely through. There are several 
ways of remedying this evil. In Trance it is common to find 
used for this purpose a vertical spout of tarred, boucheriaed, 
or creosoted wood, rising a few inches above the soU. Some 
authorities recommend the simple plan of covering this part 
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of the conductor with a atrong coating of tar, others cover- 
ing it with a wrapper of sheet lead, and this last method is 
probably the best. With regard to the extreme end of the 
conductor, the system approved of by the Paris Academy of 
Sciences is generally used in good work. This system is the 
use of a trough filled with broken charcoal, through which 
the conductor runs ; charcoal preventing the too rapid 
oxidation of the iron. Tor charcoal, coke may be substituted. 
The trough (see fig. 7) is made either of wood, gutter tiles, or 
ordinary bricks without mortar, so as to allow the moisture 
of the soil to permeate through. It is preferable, even at 
the expense of lengthening the conductor, to carry it 
through the lowest and dampest plots of ground around the 
building. 

To obtain a perfect contact between the end of the con- 
ductor and the earth, or common reservoir, the French use 



Fig. 7. 

several methods. One of the earliest ones was the multipli- 
cation of the iron bars attached to the end of the conductor, 
and inserting them for some distance into well-water. 
Theoretically this arrangement is good, but it has been found 
that the decay of these terminalfl by the action of rust was 
so rapid that, unless they were carefully watched and 
periodically repaired, they soon became insufficient, if not 
useless. In addition to this, it is the opinion of many French 
savants that a mere water contact is not enough, a soil tJiat 
is always moist being in their judgment far preferable. The 
simplest plan adopted for attaining this end is that of insert- 
ing into the moist ground to a certain depth, regulated by 
the nature of the soil, one or several metallic branching stems, 
which are connected with the co'nductor. By another ar- 
rangement, invented by M. Callard, the conductor is termi- 
nated by a kind of galvanised iron grapnel, placed in a wicker 
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basket filled with pieces of coke. Where the soil is dry, and 
moist ground cannot easily be got at, the harrow or grating 
shown ill fig. 8 is often used. It is placed between two 
layers of hom embers, or charcoal, and sunk as deeply as it 
conveniently can be, the end of the conductor being carefuUy 
connected with it by soldering or by a quantity of melted 
zinc. 

In towns, the water-pipes and gas-maina, possessing as 
they do, lai^e metallic 
surfaces, are generally 

^y — i ff^^ /i 1 li 1 ^ utilised for making the 

jj jj jj ■' 'y r ' earth-contact.' 

Sometimes, instead of 
iron bars, galvanised iron 
cables of about an inch in diameter are used for the con- 
ductors of paratonnerre, and occasionally red copper cables 
of half-an-inch only in diameter, but the use of these latter 
ia uncommon. 

Kg. 9 exhibits a modification of the point 
of the terminal rod which is advocated by M. 
E. F. Michel. The arrangement is based on the 
principle that, on the approach of a tempest 
cloud, the more points there are, the greater wiU 
be the neutralising efiect. M. JCchel considers 
that when a terminal rod has only one point, it 
acts only in one direction ; but if there is a lai^e 
number of points branching in all directions, the 
preventive action is materially increased ; he 
therefore proposes the use of this contrivance, 
which is carried out by having the ordinary conical trunk 
copper point on the top of the terminal rod melted down, 
and moulded so that it presents in its middle a circular 
sweUing. Into this sweUing arrows are fixed, inclined at 
each side of the horizontal plane to an angle of 45 degrees, 
as shown in the engraving. These arrows radiating in all 
directions are supposed to * hasten the neutralisation of the 
electrified cloud ; and in the event of a discharge, the dis- 
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charge, by dividing amongst them, wHI prevent their 
fusion.' 

Before quitting the French system, mention should be 
made of a novel form of lightning conductor devised by M. 
Jarriant. This gentleman proceeds on the hypothesis that 
the moat essential requisites of a lightning conductor are : — 
a terminal rod metaUically homogeneous, which should rise 
to a good height ; that it be sufficiently light to avoid damage 
to the roof, and yet be strong enough to resist the violence 
of the wind. To attain these requirements, M. Jarriant 
secures his conductor with three or four stays, which are 
firmly fixed to the roof and converge to the top of the ter- 
minalrod, to which is fastened the ordinary copper point, re- 
commended in the ' Instruction ' of the Academy of Sciences. 
Iron supports are placed at difierent heights in order to 
ensure the perfect solidity of the system. Galvanised iron is 
employed, and all the various stays and supports are metal- 
lically connected with each other. The angles of the irons 
are all acute, and placed so as to ofier the least resistance to 
the wind. The advantages claimed for this method are that 
the upper part of the conductor bristles with spikes and 
aigrettes, which he considers a great advantage in regard to the 
preventive effect produced by the conductor ; it allows of 
the conductor being raised much higher above the building ; 
it presents a large surface to the electrified cloud ; the joints 
are so arranged that they cannot be dislocated by the ex- 
pansion and contraction caused by variations of temperature ; 
and, lastly, it ia affirmed that these conductors cost thirty 
per cent, less than those erected under the ordinary system. 

America stands pre-eminent above other countries in the 
numerous and extraordinary schemes that have there been 
promulgated in r^ard to the protection of buildings from 
the effects of lightning, and probably no other nation has 
been so systematically victimised and swindled in this matter. 
The tramping ' lightning-rod men ' of the United States are 
notorious for extortion and ignorance : they use all kinds of 
fantastic and pecuhar shaped terminal rods and conductors, 
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the main object being to make as great a show with as little 
metal as possible. Their work is almost entirely confined to 
the upper portion of the conductor, to the neglect of the 
most important part — the earth terminal. In consequence, 
the majority of the lightning conductors in America are un- 
trustworthy ; very often they are practically insulated from 
the * common reservoir ' or subterraneous water, and are 
therefore more often a source of danger than a protection. 
Unhappily, these peripatetic mechanics are by no means 
extinct, although increased knowledge is gradually driving 
them from the field. 

In America, a strong point is made of utilising, as far as 
possible, all the existing natural conductors that are to be 
found upon a building, such as gutters, rain-pipes, and other 
metal surfaces. During a tempest, the opposite electricities 
of the earth and the air often select, by their inductive in- 
fluence, a rain-pipe, gutter, metal roof, &c., for the passage 
of an electric discbarge between them, and unless these 
metallic surfaces are connected with the earth, they are apt to 
be dangerous.' But if they are properly connected together, 
and provided with a good earth-contact, they materially 
assist to diminish the intensity of a discharge. 

In the case of a building with a roof of slate, wood, or 
other material of low conductivity, a conductor made of 
either bar iron or stranded cable is placed along the ridge 
and gable ends, and carefully connected with the gutters and 
rain-pipes ; where the rain-pipes are less than three inches 
in diameter, the bar or cable conductor is often extended 
fixim the roof down the side of the building, and connected 
with the earth terminal. When this is done, the bar or 
cable conductor is placed between the rain-pipe and the 
wall of the building, or at any rate close to the rain-pipe, 
and connected with it by solder or bolts. 

All metallic chimney caps, cornices and railings on the 
tops of buildings, as well as the water-pipes, gas-pipes, hot 
water-pipes, and other large or long pieces of metal, whether 
they occur inside or outside the building, are connected 
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with each other by a conductor composed of light stranded 
wires, each about three-sixteenths of an inch in diameter ; 
they are also connected with the main conductor at its 
nearest point. Where several adjacent buildings have each 
a metalUc roof, these roofs are connected together by means 
of a horizontal conductor. 

The terminal rod of the conductor generally projects 
about four feet above the chimney or other highest point of 
the building. It consists of a round iron rod seven-six- 
teenths of an inch in diameter, the lower extremity being 
hammered out for the purpose of fastening it to the con- 
ductor by soldering and screws or by bolts. A small building, 
not exceeding twenty-five feet in length or breadth, is 
generally fitted with either one terminal rod placed on the 
centre of the ridge of the roof, or with two rods, one at each 
end of the ridge, the latter method being the preferable one. 
In larger buildings terminal rods are placed at intervals of 
about twenty feet along the roof. The upper end of the 
rod is sometimes pointed, but not always, the argument 
being that although the ordinary end of a rod is blunt 
when used in connection with a Leydeu jar, but that when 
applied to a thunder-cloud, which extends over thousands of 
acres, it becomes pointed, and bears the same proportion to 
a thunder-cloud as the sharp point of a needle does to the 
hand of a man. Occasionally the point is tipped with 
platinum, gold, silver, or pure copper, in order to prevent 
oxidation, but this is not considered essential, it being pre- 
sumed that practically no amount of rust on the top would 
impair the efficacy of the terminal rod. 

In the case of a building having a fiag-stafi" upon it, a 
galvanised iron wire is fastened along it and projects about 
six inches above the top, the lower end of the wire being of 
course carefidly soldered or otherwise connected with the 
main conductor. 

Steeples and spires, in addition to the ordinary vertical 
conductor, are fitted with horizontal conductors placed 
around them at intervals of about twenty feet, and connected 
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with the vertical conductor. This is to provide against the 
occasional discharges that take place in the centre of steeples, 
and which are caused by the deflection of the discharge in 
the air by the rain. 

Chimneys and air shafts, from which heated lur or smoke 
escapes, are fitted with metallic caps which are connected 
with the general conductor. In order to protect this 
metallic cap from the effects of the sulphurous fumes arising 
fixjm the chimney, a terra-cotta cap is contrived to fit inside 
the metallic cap. An analogous method is adopted with 
regard to the ventilators of bams and ice-houses. If these 
buildings have the ordinary ventilators in the form of 
dormer windows upon the roof, an iron rod seven-sixteenths 
of an inch in diameter is placed vertically across, and above 
the centre of the opening of each ventilator, and connected 
with the conductor. Should the barn or ice-house have 
openings or doors through which warm vapour can escape, 
a conductor is fixed to the roof at the gable ends above the 
centre of each opening or door, and extended outwards 
about five feet, at an angle of forty-five d^rees from the 
roof, so as to be in liue with any ascending vapour, or any 
descending charge of electricity following the course of the 
vapour. AH these auxiliary conductors and terminal rods 
are metallically connected with the main conductor of the 
building. 

The conductors are simply fastened to the building by 
iron staples or by straps of sheet iron, pierced with two holes 
for nails or screws. 

In America, as elsewhere, the earth-terminal is regarded 
as of prime importance, and in all properly constructed 
hghtning conductors receives the greatest care and attention. 
In the first place, such metal pipes as lead from the building 
to the water-mains, gas-mains, and sewers are carefully 
connected with the principal fightning conductor, in order 
that they may act as auxiliary earth-terminals. For the 
principal earth-terminal many contrivances have been 
brought forward, but very few possess any originality, and 
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many are positively useless. Some of the best are Bimilar to 
those Id use in England ; among others, perhaps the best 
method is that of placing a cast or wrought-iron pipe of 
three inches inside diameter, and about ten feet long, verti- 
cally in thoroughly moist earth and carefully connecting 
the conductor, or conductors, 'with it. The chief objections 
to this plan are the occasional difficulty of getting a moist 
earth at all, and the possibility of earth that is generally 
moist getting dried up in hot weather. To, obviate these 
risks, the following arrangement is used : — 

In a pipe of wrought or cast iron, at least ten feet long, 
and having an inside diameter of two inches with a thick- 
ness of three-eighths of an inch, are made a number of longi- 
tudinal openings or perforations, about ten inclics long and 
a quarter of an inch wide. These openings or perforations 
are made at intervals of ten inches, and are placed in one 
or two Unes opposite to each other. If it is preferred, 
round holes of from half an inch to one inch in diameter, 
and about six inches distant from each other, may be sub- 
stituted for the longitudinal openings. This perforated pipe 
is placed in an upright position in the earth, and is so situated 
that it receives at its top opening the waste or rain water 
flowing along a channel or drain constructed for that 
purpose. The water, after running into the top of the pipe, 
gradually percolates down, and passing through the perfora- 
tions or openings into the earth around and underneath the 
pipe, moistens it to such an extent and at such a depth as to 
render it hut httle afiected by the heat of the sun. The 
pipe is generally placed at some Uttle distance from the 
building, so as to give a sufficient area of earth to be kept 
moistened and to prevent the walls of the building being 
affected by the damp. 

Occasionally, the pipe is made triangular or square, and 
with perforated branches and other metalhc conductors. It 
is also sometimes constructed with enlargements at the top 
or bottom, so as to hold more water. Probably, however, 
the simplest plan is the best, as — if the soil be suitable — a 
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plain round wrought-iron pipe can be driven ijito the earth. 
If a cast-iron pipe is used, a hole of a convenient size is ex- 
cavated for it. In this ease, great care has to be taken that 
the eartli is thoroughly well rammed down all round the pipe. 

Another arrangement is to employ, instead of a cast or 
wrought-iron pipe, a number of round or flat-iron bars, 
fastened together at the top and bottom by rivetting to 
metal hoops in such a manner that intervals are left between 
each bar, through which the water can pass. Sometimes a 
solid pipe without the openings is used, but it is not found to 
be so satisfactory as the perforated pipe, because the latter 
allows a greater amount of water to pass tlirough it into the 
soil, thereby furnishing a larger area of moist earth. 

The French method of carrying the conductor to the 
bottom of a neighbouring well is frequently adopted where 
it is practicable, and the water of the well is not required 
for drinking or cooking purposes. 

A few words may be added here on the method of pro- 
tecting the large mineral oil tanks which are to be found m 
the United States. Many of these oil tanks are of very large 
capacity, some of them containing a million gallons of oil. 
They are generally constructed of thick iron plates rivetted 
together. The roofs are usually made of wood coated with 
tar, but in some cases iron is adopted. As a rule, several of 
the tanks are grouped together and connected with each 
other — and in some instances with distilleries — by means of 
subterraneous iron pipes. 

One method of protecting these tanks is to erect around 
them, at a distance of some ten feet, wooden supports, on 
which are placed upright metallic conductors which over- 
look the tank, and are connected with each other near their 
tops by stout iron wires, thus forming a network of con- 
ductor which is supposed to intercept any discharge of 
electricity from a tempest-cloud, and preventit from reaching 
the oil tank. This method, however, has failed in several 
notorious instances, and is not countenanced by the beat 
authorities. 
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A better and less complex arrangement is now uaually 
adopted by the best firms. The chief object of this ar- 
rangement is to prevent the temperature of the oil tank, and 
of the atmosphere above and around it, being rmsed by 
means of an electric discharge. This is accomplished by 
using lai^e conductors, which are carried some distance 
above the oil tank. These conductors, of which there should 
be at least four, are formed of flat iron bars about one and a 
half inches wide and half an inch thick ; they are securely 
fastened to the aides of the tank at equal distances from each 
other, and metallically connected with it. About thirty feet 
above the roof of the tank they meet, and are carefully and 
substantially joined together, and supported, if necessary, by 
a wooden post extending from the centre of the roof of the 
oil tank. 

The earth terminals, of which there must be one to every 
two conductors, consist of perforated iron pipes, as before 
described, three inches in diameter aud fifteen feet long. 
They are sunk into thoroughly moist earth, and metallically 
connected with the lower part of the tank. These perforated 
pipes are so arranged that they catch the rain water from 
the roof of the tank ; by this means the surrounding earth 
is kept moist. It may be mentioned that by utilising the 
tank as a portion of the system of conductors, the electric 
discharge is distributed and much weakened. 
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CHAPTER Xm. 

NEWALL'S STSTEM of PBOTBCIINQ BUlLDIfTQS. 

Ik ita easence there cannot be anything more elementary 
than the theory of protection against lightning. It is simply 
to lay a metallic line from the top of a building, or other 
object to be protected, into moist ground, so as to make a 
path for the electric force, along which, not finding impedi- 
ments, it will travel freely, without causing the least damage. 
But, like many other simple theories, their practical execu- 
tion is not without perplexities. The first of these, in regard 
to conductors, arises from the existence of more or less con- 
siderable quantities of metals, to be found in almost every 
building which requires protection against lightning. As 
the use of metals, especially iron, in the construction of 
dwellings, both exterior and interior, is rapidly extending, 
this becomes a very important consideration in planning the 
design of lightning conductors. Of equal moment is a second 
point — that of the existence of water or great moisture 
under the buildings, or part of them. This must decide 
invariably the direction of the conductor towards the earth, 
and its depth underground. There are many minor matters 
to be taken into account, but these two may be laid down as 
the chief questions to be kept in view in aetthng the best 
mode of application of any conductors under given circum- 
stances. It happens often enough that a proper solution as 
to what is best is not a little difficult. Still, it can always 
be arrived at by careful study, which must, however, be 
aided by experience. 
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Keeping always in view tJie fact that there is nothing 
whatever that may be called ' erratic ' in the manifestations 
of the electric force, but that it acts under a ruling prin- 
ciple as strict as that governing the law of gravity, the first 
point in designing the protection of any building will be to 
clearly ascertain what path the lightning will take on its 
course irom the clouds to the earth. It is absolutely certain 
that the electric force will make its way through materials, 
termed good conductors, which allow it free passage, and 
avoid those of the opposite class, or bad conductors, the 
character of every substance on earth being well known as 
regards these qualifications, although it would not be easy 
to draw sharp lines of demarcation, all conductivity being 
relative and not absolute. ]!jooked at in this way, the funda- 
mental one in the application of lightning conductors, the 
simplest object for protection will be a pyramid of stoue, 
such as the !E^ptian obelisk, popularly called * Cleopatra's 
Needle,' erected on the Thames Embankment in the summer 
of 1878. Stone being a bad conducting material, all that is 
necessary to protect it gainst lightning, provided there is 
no metal whatever near it, is to run a thin strip or rope of 
copper from the summit to the base, and down into moist 
earth. Although fragile, the strip of copper, if uninterrupted 
and rooted in moisture, will in this case form an absolute 
protection. The question assumes another aspect if, instead 
of a stone pyramid, a tall factory chimney, not very dis- 
similar in outward form, is given as an object for protection. 
Here there enters another element. A tall pile of bricks is 
as bad a conductor of electricity as a solid mass of stone, 
but the mass of bricks constituting a factory chimney is 
hollow, and the cavity being filled with smoke and mineral 
fumes, which are more or less good conductors of the elec- 
tric force, the artificial path laid for the free passage of 
lightning has to surpass in acceptability the natural one. In 
other words, the copper rod laid alongside the factory 
chimney, to secure it against damage from lightning, must 
be considerably thicker than the one which wUl protect the 
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simple stone pyramid. It is this principle which has to be 
followed all through in the application of conductors. They 
must form, in one word, the best path which can possibly 
be made for the electric force. 

The system employed by Mr. E. S. Newall, P.R.S., for 
the construction and erection of lightning conductors is 
probably the most complete — and certainly the most re- 
presentative—of the various methods in vogue in England. 
The special study Mr. Newall has made of the subject in all 
its bearings, both theoretical and practical, added to the 
fact of his possessing at his extensive cable works at Gates- 
head such exceptional facilities for the production of copper 
ropes and bands composed of the purest metal, render him 
one of the first authorities on all matters connected with the 
application of lightning conductors to buildings. . In de- 
scribing, therefore, the English method, reference will chiefly 
be made to this gentleman's apparatus and inventions. 

The function of a lightning conductor is twofold. In 
the first instance, it operates as a medium by which ex- 
plosions of hghtning, or, to apeak more accurately, disruptive 
discharges of electricity, are led to the earth freely, and 
without the risk of their acting with mechanical force, as 
they invariably do when compelled to pass on their way to 
the earth through so-called non-conductors, that is to say, 
bodies possessed of low conductivity, such as the atmosphere, 
wood, stone, &c. In "the second instance, the conductor 
acts as a means whereby the accumulation of electricity 
existing in the atmosphere is qmetly drawn off and carried 
noiselessly into the earth, and dissipated in the subterra- 
neous sheet of water beneath it. Now this accumulation of 
electricity, always greatly intensified during a thunderstorm, 
invariably seeks the easiest road to earth ; this road is 
technically called ' the line of least resistance.' This line of 
least resistance is influenced by various circumstances ; the 
resistance of any line may be lessened by the presence of 
streams of warm vapour or rarefied air such as would come 
from chimneys, from barns or stacks containing new hay ; 
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by a column of smoke, or by the presence of tall trees moist 
from rain. It is not always easy to find the reason why the 
lightning takes any particular path, but one thing is certain, 
that is, it acts under certain fixed principles, and does not 
take any particular route by chance, but always because it 
is the Une of least resistance. What the lightning conductor 
really does is to prevent the possibility of an electric dis- 
charge within a certain district, for instance, in the interior 
of a house or other building. 

From the above remarks, it will easily be seen that 
lightning conductors should be made of materials possessing 
the highest possible power of conductivity, and be large 
enough to carry ofi" the heaviest electric discharge that is 
ever likely to fall upon them. The various metals being by 
far the best conductors of electricity, it follows that tlie 
lightning conductor must be constructed of metal of some 
kind. But even metals difier to a great extent in their con- 
ducting powers, as has been shown in a previous chapter. 
There are, however, only two metals which are practically avail- 
able for use as lightning conductors, namely, iron and copper, 
and after repeated experiments Mr. K. S. Newall has arrived at 
the conclusion that a conductor made of copper of adequate 
size is the best — and, in the end, the cheapest — means of 
protecting buildings from the effects of lightning. The 
relative conductivity of iron and pure copper being as six 
to one, it follows that if a copper cable or bar of a given 
size be sufficient, an iron cable or bar ought to weigh six 
times as much per lineal foot in order to be equally safe. It 
may be added, that while copper is more expensive, weight 
for weight, than iron, it is not so Uable to oxidise ; nor, on 
account of itg higher conducting power, is it so easily fused. 
The comparative smallness of its mass renders it far more 
manageable than fron, and does not interfere with the archi- 
tectural features of the building on which it is used. On 
the contrary, it is readily adapted to curves and angles. 

It may therefore be taken for granted that, almost without 
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exception, pure copper is the beat material that can be used 
in the construction of lightning conductors. 

The size of the terminal rod or point used in Mr. NewaU's 
method varies in length and diameter according to the 



t 



Fig. 2. 




Fig. 3. 



extent and height of the building to be protected. As a rule, 
they are from three to five feet in length, and from five, 
eighths to three-quartera of an inch in diameter; at the 
upper end they branch out as shown in fig. 1. 
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In conjunction with this terminal rod a short description 
of the ' Auffangstange,' or ' reception rod ' of the Germans, 
may be given. This 'reception rod' (see fig. 3) is made 
of iron, and variea in length from ten to thirty feet. It 
consists of two parts, the higher part, which measures 
two-thirds of the whole length, is fastened by a flange 
to the lower part of the rod. In fixing this German 
' reception rod,' its height and weight have to be taken into 
consideration. It is generally made fast by two strong 
staples, b and c, as shown in fig. 2, which pass througli 
tlie king post of the roof and are fastened behind by 
s<'rew-nuts. The part marked d rests in the lower ring c 
80 that it cannot sink, and the extreme end passes through 
this ring c smA is screwed tightly to the nut e ; / is a cap to 
])revent the rain getting into the roof. 

It is much to be regretted that not only professors and 
amateurs studying the manifestations of the electric force, 
but even learned societies, such as the French ' AcadtJraie des 
Sciences,' should have spread so many im^inative theories 
about this ' reception rod,' At the bottom of all was the 
fMicy, not often declared, but still visible in its expression, 
of the metallic conductor possessing some occult power of 
attracting lightning. In France, as well as in Germany and 
Italy, there existed for a long time, and to some extent still 
exists, quite a mania for erecting huge rods, such as that 
shown in the engraving (see fig. 3), on the top of buildings, 
the general belief being tliat the more high-towering the 
greater would be the ' area of protection.' A little common 
sense, brought to the aid of fanciful imaginings, should have 
taught the supporters of this * area-of-protection ' theory 
that it was absolutely untenable. The electric force, seeking 
its nearest path to the earth, could not be expected to diverge 
from it through the action of a rod raised somewhat higher 
than the surrounding building ; and the proper method 
clearly was to bring the metal everywhere as near to any 
possible emanation of the force, whether lateral or vertical, 
as could be done. Besides being really of no use, except in 
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rare instances, such as the neighbourhood of high trees, theae 
tall rods formerly employed, and still frequently seen on the 
roofs of buildings, had the detriment of being unsightly, 
while at times they were positively dangerous. Instances 
occurred in which a high wind threw them down from their 
elevated position into the road below, on the heads of passers- 
by. Thus two persons were killed in Paris in the summer 
of 1830 by the fall of a gigantic ' tige ' from the steeple of 
the church of St. Gervais. Either at the same moment, or 
immediately before, a stroke of lightning fell upon the church 
in its lower part, away from the conductor, making a hole in 
one of the walls, and then escaping, without doing fiirther 
damage, by some iron water-pipes running underground. 
The conductor in this case had been constructed on the 
model approved by the ' Acad^mie des Sciences,' but the 
accident conclusively showed that there was no trust to be 
placed in any mere theoretical calculations as to the extent 
of the ' area of protection.' 

A noteworthy example of the fallacy of the 'area-of- 
protection ' theory is to be found in the case of the explosion 
at the powder magazine at the Victoria CoUiery, Bumt- 
cliffe, Yorkshire, which was struck by lightning and de- 
stroyed on August 6, 1878. The instance is also instructive 
as showing how important it is that copper conductors 
should possess the highest possible conductivity — i.e. be 
made of the best and purest copper. 

The magazine was an oblong building of brick, nine feet 
long, five feet wide, and six feet high (internal dimensions), 
and it had a uniform thickness of three bricks. At one end 
was a heavy iron door, and at the other a lightning con- 
ductor, consisting of a copper-wire rope seven-sixteenths of 
an inch in diameter. The point of the terminal rod was 
about thirteen feet above the top of the building, and a 
similar length was carried into the ground and terminated 
in clayey soil. The conductor was fixed to a pole distant 
about two inches from the end of the building opposite to 
that in which the iron door was fixed. /( tca> not connected 
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with the iron door in any way. At the time of the explosion 
the magazine contained about 2,000 pounds of gunpowder. 

Major Majendie, H.M.'s Chief Inspector of Explosives, in 
his official report ascribed the accident to the fact of the 
iron door being unconnected with the lightning conductor, 
and in doing this he was doubtless right, but only to a 
limited extent. The author of this work visited the colliery 
shortly after the explosion, and found that the conductor — 
the weight of which was about one pound per yard — had 
been fastened to the pole, which was about twenty-one feet 
high, by two glass insulators, and that the conductor was 
not connected with the building. On testing the copper 
rope which formed the conductor, its conductivity was found 
to be only 392 instead of 93 or 94 per cent. Tlie con- 
ductor, therefore, was but little better than if it had been 
made of iron, and, even supposing it had been made of good 
copper, it was of too small a size. It should have been of 
double the weight, and not insulated from the pole. In order 
to be thoroughly efficient it ought to have been brought 
down the pole, carried through under the root, down the 
iron doorpost, and bo into the ground. 

According to the French theory, that the ' area of pro- 
tection ' aflbi-ded by a lightning conductor is the space con- 
tained within the circular area of a radius double the height 
of the conductor, the magazine was thoroughly secured, for 
the conductor was twenty-one feet high, and the building 
only nine feet long, five feet broad, and six feet high. This 
case, however, with many others, entirely controverts this 
theory, and shows very forcibly the fallacy of an argument 
that at one time was accepted almost as an axiom. 

One other case of more recent date may be instanced. 
At Cromer, in Norfolk, the church — a fine perpendicular 
building of flint and freestone, having a tower lo9 feet high 
— -was damaged by lightning in August 1879. During a 
thunderstorm the lightning struck one of the pinnacles with 
considerable force, although on another junnsicle, only 
twenty-seven feet six inclies distant, a good c<'pper con- 
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ductor, having a diameter of five-eighths of an inch, was 
fixed. On testing the conductor by means of a galvanometer, 
it and the earth connection were found to be in thoroughly 
good order. After what has been said, comment on this 
last example is needless. 

The general disposition and adjustment of a hghtning 
conductor demands the greatest care and consideration. No 
hard and fast rules can be laid down, for each individual 
case must be studied and elaborated by itself, especially in 
the instance of large structures, where much depends upon 



Fig. 4. 

style, outline, and other details. Tlie main point is that every 
part of the building shall be placed beyond the possibility 
of being damped by a disruptive discharge of electricity. 

It has been stated previously that the lightning invariably 
follows the line of least resistance, and that this line may be 
influenced by the presence of streams of warm vapour, 
columns of smoke, &c., which, escaping into the air, furnish 
a ready path for the electric discharge. Consequently it 
sometimes happens that a building or barn may be struck 
although it be provided with a Ughtning conductor. In 
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order to explain this it must be borne in mind that the line 
of least resistance is not always the shortest hne mathemati- 
cally. The accompanying illustration (fig. 4) is an example 
to the point. It represents a barn furnished with a Ughtning 
conductor and filled with new-made hay, which is a better 
conductor of electricity than the material of which the barn 
is constructed. This hay is giving off the stream of warm 
vapour which is pouring out of the opening at the end, and 
forms an invisible band of conducting matter between the 
thunder-cloud and the barn, as marked out in the engraving 
by the dotted lines, the direction of the wind being shown 
by the arrow and the trees. Under these circumstances the 
discharge of lightning would naturally foUow the path 
between c and d in preference to the sliorter route between 
a and ft, because tlie former is the hne of least resistance 
between the cloud and the earth. Thus the bam — although 
furnished with a conductor in good condition — would most 
likely be set on fire, or otherwise damaged. The same 
deflection of the lightning-stroke might be caused by a 
column of smoke, or by the fact of one portion of the 
building being moistened by the rain and the other kept 
dry ; an occurrence that m^ht easily happen when a strong 
wind is blowing during a storm. 

In order to ensure complete protection, the conductor 
on the bam should have been carried along the ridge and 
down the edges of the roof at each gable. By this means 
the stroke of lightning would have been intercepted. 

The engraving on the next page shows a design for the 
protection of a large detached mansion by means of a multi- 
plication of short points or terminal rods fixed on all the 
prominent features of the building. The conductor is car- 
ried along the ridges in every direction, and down the edges 
of the roof at each gable. Generally it is sufficient to have 
two descending conductors, but occasionally the conforma- 
tion of the building or the nature of the ground renders 
necessary the use of even more. It is imperative, for 
obvious reasons, tliat the descending portion of the hghtning 
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conductor shall be carried fruiii tlie roof to the ground by 
the shortest possible route, and placetl in perfect electrical 
contact with the earth in the manner to be indicated in a 
succeeding chapter. 



Fig. ,\ 

The projecting points of the conductor are drawn in 
fig. 5 larger than they need be, in order to sliow them 
more clearly, distinguishing them from the rest of the 
building. The same has been done with the copper rod, 
running from the roof to the ground and thence into the 
earth. In reality a conductor may bo made perfectly .safe. 
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and yet all but invisible to the naked eye. For private 
houses find buildings, a rope made of copper ought to be at 
least five-eighths of an inch in diameter, for a copper rod of 
half an inch in diameter has never been known to be fused. 
For chimneys of manufactories, wliere gases are liable to 
corrode the rope, it had better be a little thicker. Such 
copper ropes as those manufactured by Messrs. It. S. Newall 
and Co., five-eighths of an inch in diameter, weighing two- 
thirds of a pound per foot, and having a conductivity of 93 
per cent., have never been known to fail in protecting even 



Fig. 6. 

the largest buildings. It is supposed by some writers that 
the value of the conductor is in proportion to the amount of 
surface of metal exposed. Tliis, however, is a mistake, for 
the conductivity depends on the weight per foot of metal 
used, the purity in both being equal. Wire-rope is used 
simply because it is so pliable that it is easily handled, and 
can be made of any length required without joints. 

In fig. 6 is given an illustration of a small detnched 
house, in which the arrangement of the lightning conductor 
is indicated by the dark hues. The method followed is 
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exactly the same in principle as that employed for the 
mansion just described. A terminal rod is placed upon 
each chimney. These terminal rods are connected with 
each other by a copper-rope conductor which is carried 
along the ridges and gables of the roof, thus constituting 
a similar arrangement to the French ' ridge-circuit ' {circuit 
des fatten), with the additional advantage of being far 
lighter and more sightly. The copper conductor descends 
to the earth down the angle formed by the projecting 
entrance to the house. By this means every corner of the 
building is protected; an important matter in all detached 
buildings, and especially when they happen to stand among 
trees. The preference of the electric force for trees as its path 
to tiie earth in the absence of metal or other bodies of higher 
contUictivity than trees, has probably no other ground than 
thdr being full of moisture ; still this is a disputed question. 

Fig. 7 exhibits a slightly different method of arranging 
the lightning conductor. In this case the ridges of the 
roof are surmounted by ornamental iron-work, instead of 
the usual terra-cotta, or earthenware, tiles. This iron- 
work is utilised and carefully connected with the conduc- 
tor. The chimneys, in place of being fitted with terminal 
rotls, are provided with cast-iron caps — aa shown in the 
engraving — to whicli the conductor is attached. The con- 
ductor, after descending to the ridge, is led along it and down 
the edges of every gable, and is finally carried down to the 
ground and coimected with the earth in the usual manner. 
It is of coiu-se absolutely necessary that all masses of metal, 
such as gutters, waterspouts, rain-pipes, &c., should be 
brought into connection with each otlier and with the 
conductor, in order that the house may constitute one 
electrically homogeneous body. 

It was for a long time held that the protection of 
churches against lightning offered special difficulties. This 
arose mainly from the constant reports of churches being 
struck, often when they were believed to be protected, 
whereas the accidents arose from tlie conductor not being 
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properly fitted. It is even now too often foi^otten that 
all so-called ' conductora ' of the electric force are only so 
in relation to ' non-conductors,' and that, strictly speaking, 
all things on earth are to some extent conductors and to 
some extent non-conductors. This being kept clearly in 
view, there is no more difficulty in protecting the largest 
catliedral against lightning in the most efficient manner than 
in similarly guarding the smallest cottage. 

A case in point occurred in May 1879. The steeple of 



the church at Laugh ton-en-Ie-Morth en was struck by liglit- 
ning and damaged, the lightning conductor being thrown 
down and broken into two pieces. A correspondence on the 
subject ensued in the Times, and Mr. R. S. Newall had the 
remains of the conductor examined, with the following result : 
' The spire is 175 feet in height, and it had attached to it 
a thin tube, made of corrugated copper, about seven-eighths 
of an inch in external diameter and five-eighths internal. 
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The copper is about one-thirty-second of an inch in thickness, 
and it weighs about one and a quarter pound per yard. It 
is made in short lengths, joined t(^ether by screws and 
coupUng pieces, but there is no metallic contact whatever 
between the pieces, which are much corroded. 

' The conductor appeared to be fastened to the vane. It 
was not in contact with the building, which it ought to have 
been, but it was kept at a distance of about two-and-a-half 
inches from it by twenty-one insulators. The earth contact 
was obtained by bending the tube and burying it in the 
ground at a depth of from six inches to eighteen inches, the 
soil being dry loose rubbish ; the length of the earth end was 
only three feet, with two short pieces of about a foot in 
length each tied to the tube by thin wires, thus forming 
^together a most inefficient conductor. It was placed in a 
comer formed by a double stone buttress, which came be- 
tween the conductor and a lead-covered roof attached to the 
spire, the distance between the conductor and the lead roof 
being about six feet six inches. 

' The Ughtning appears to have come down the conductor 
a certain distance, and, finding the road to earth bad, it 
passed through the buttress, dislodging about two cart-loads 
of stone, and then came down the cast-iron down pipes 
leading from the lead-covered roof and so to earth.' 

Mr. Newall, in writing to the Times, goes on to say :— 

' Now if the conductor had been made of copper -wire 
rope, weighing about two pounds per yartl, and fixed in 
contact with the spire, without insulators and with a proper 
earth contact, no damage whatever would have been sus- 
tained by the building ; and if the conductor had been tested 
periodically by an expert he would have shown whether the 
conductor was good or useless. This examination ought to 
be insisted on, aa the earth connection is often wilfnlly 
. destroyed ; but I have never in all my experience known a 
building which had a conductor properly fixed to suffer 
damage from Uglitning.' 

What is really required is to make a lightning conductor 
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of sufiicieiit calibi-e to cany down tlie elertric discharge, 
liowever great it may be, from the summit of the building 
into the earth, and that the earth contact should be above 
suspicion and thorouglily good in all seasons. 



Fig. 8 shows a plain and simple design for protecting 
an ordinary church. The conductor in the case of 
churches and all other high or extensive buildings ought 
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invariably to be made of copper rope, other metals of 
less conductivity, such as iron, being inadmissible, since 



their employment would necessitate the use of ponderous 
masses of metal, which would be not only unsightly, but 
extremely heavy, and difficult to manipulate successftdly. 
In the accompanying engrav- 
ing (fig. 9) lent by the So- 
ciety for Promoting Christian 
Knowledge, is shown a some- 
what more complex structure 
and the method of arrang- 
ing the conductors thereon. 
In this case there is a con- 
ductor attached to each spire, 
leading to and connected 
with the metal-work of the 
roof and gutters. On the 
gable c, and the transept 
gables d c, there are fixed 
three conductors which unite 
in the centre of the roof, from 

which tliey are carried down 
Fig. 10. , •' ^, 

to the gutters. The same 

arrangement is followed for the smaller gables /^ A. The 

water-pipes and gutters being connected with the conductors, 
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these latter are carried down the side to the earth. It need 
scarcely be explained how important it ia that all metal 
ornaments on the ridges of churches, as well as other build- 
ings, should either be connected with the general conductors 
or, in the case of extensive buildings, with a conductor that 
is carried straight to the earth, as shown in fig, 10. In 
the case of the finiak so often found on Gothic structures, it 
is necessary to splice the conductor round the bottom of 



the finial, as shown in fig. 11. If, instead of placing terra- 
cotta tiles along the ridges, a cresting of fancy iron-work 
is fixed there, the expense of running a conductor along the 
ridges will be saved. 

Tlie various methods of fixing weather-cocks on to the 
terminal rod are fully explained in another chapter. Fig. 12 
shows the best arrangement for connecting the conductor 
to the terminal rod on a church spire. The copper rope 
which forms the conductor is .sphcal round the terminal rod 
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at the bottom of the iiiiial, and as aii additional security 
round the base of the vane rod, which in this instance also 
serves as the terminal rod of the lightning conductor. 

There has been much controversy as to whether it is 
better to carry the conductor from the roof to the ground 
inside a building than outside the walls. As a matter of fact, 
it is a question of very small importance which way the con- 
ductor-is carried, so long as it arrives at the ground by the 
shortest possible route. Benjamin Franklin, to judge from 
many expressions in his works, seems to have been decidedly 
in favour of the inside plan, which was adopted almost univer- 
sally in France and on the Continent in general on the first 
introduction of lightning conductors. But the method was 
soon abandoned, owing partly to a witty saying of Voltaire, 
constantly quoted to this day. Speaking of the death of the 
imfortunate Professor Richman, of St. Petersbui^, killed while 
experimenting with electric discharges from the clouds, 
Voltaire remarked, ' There are some great lords whom one 
should only approach with extreme precaution : lightning is 
such a one.' A mere jocular exclamation, it would have had 
no great force except in France, where a bon mot may cause 
the fall of a king and the dethronement of a dynasty. In 
regard to Voltaire's pleasantry about not approaching too 
close to lightning, it really had in great part the effect of 
preventing conductors to be laid inside the houses. Even 
such calm philosophers and men of science as Professor 
Arago quote Voltaire with approval. ' I feel inclined,' he 
remarks in his ' Meteorological Essay.*),' ' to admit that the 
illustrious author (Voltaire) may be right, when I remember 
a case that occurred in the United States.' The case relied 
upon, a very curious one, was as follows, in Arago's own words. 

' Lightning,' Professor Arago tells his story, * having 
struck a rather thick rod erected on a Mr. Eaven's house, 
in Carolina, United States, afterwards ran along a wire 
carried down the outside of the house to connect the rod 
on the roof with an iron bar stuck in the gi'ound. The 
lightning in its descent melted all the part of the wire ex- 
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tending from the roof to the gronnd-storey, without injuring 
in the least the wall down which the wire waa carried. 
But at a point intermediate between the ceiling and the 
floor of the lower storey things were changed : from thence 
to the ground the wire waa not melted, and at the spot 
where the fusion ceased the Ughtning altered its course 
altogether, and, striking off at right angles, made a rather 
large hole in the wall and entered the kitchen. The cause 
of this singular divergence was readily perceived, when it 
was remarked that the hole in the wall was precisely on a 
level with the upper part of the barrel of a gun which had 
been left standing on the floor leaning against the wall. The 
gun barrel was uninjured, but the trigger was broken, and a 
little further on some dam^e was done in the fire-place.' 
Commenting upon this case, Professor Arago goes on : ' Here 
the lightning went off horizontally through the wall, in order 
to strike a fowling-piece standing upright in the kitchen. 
How much injury might not have resulted from this lateral 
movement, if the lightning had not had to traverse a thick 
wall?' Consequently, he argues, Voltaire is right in his 
jocular-oracular declaration about the perils of indoor light- 
ning conductors, in their being 'great lords' dangerous to 
approach. 

It is really difficult to understand how a man hke Pro- 
fessor Arago could be misled into such false reasoning as 
this about an accident which, in itself, was of the simplest, 
and of the very easiest explanation. That the stroke of 
Ughtning faUing upon Mr. Eaveii's house, in CaroUna, should 
have melted the wire of the conductor points to one cause, 
and to one only, namely, that there was no proper earth 
connection. Had it existed, the wire, although thin, could 
not possibly have been ' melted all the part extending from 
the roof to the ground-storey,' nor could the electric force 
have left its appointed path to seek a better one through a 
wall, and, still more astounding, ' striking off at right angles.' 
It is abundantly clear that such cases, and others to the 
same effect, brought against the fixing of lightning-conductors 
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inside the walls of buildings, prove absolutely nothing. Wliat 
ia beyond controversy is, that a good conductor, in proper 
condition, is absolutely harmless to surrounding objects, in- 
cluding human beings. A man, even with a ' fowUng-piece ' 
in his hands, might lean fuU length against half-an-inch 
copper rod carrying off a heavy stroke of lightning into 
' good earth ' without so much as becoming aware of the 
passing of tlie electric dischai^e. If certainly a 'grand 
seigneur,' as Voltaire remarks, the electric force has this in 
common with some of the greatest of men, of not wasting its 
time, but following a clear aim. 

A very common, and, it may be added, a very mischievous 
opinion is prevalent, that lightning conductors shoidd be 
carefully insulated from the buildings to which they are 
attached, and consequently many conductors are made to 
pass through insulators of glass and other materials of low 
conductivity. This practice of separating the building from 
the Ughtning conductor is not only utterly useless but 
positively dangerous. It is not unusually thought that by 
insulating the conductor the electric discharge will be pre- 
vented from entering the building. Such an idea is ipxo 
facto absurd, for it is preposterous to suppose that a flash 
of lightning which can travel through thousands of feet of 
air — itself a very bad conductor of electricity — and then 
shatter to pieces the most compact bodies, would be stopped 
in its course by means of a few inches of glass, or a 
few feet of air. It may therefore be confidently as.sorted 
that no insulator can possibly be made that would be 
capable of preventing the electric discharge lea^ang the 
lightning conductor provided it conld find an easier path 
leading to the earth. Mr. Phin, in his work on ' Lightning- 
Rods ' says very pertinently :— But not only are insulators 
worthless — they are positively dangerous if the principle 
upon which they are adopted is fully carried out, which, 
however, is but rarely done. A little consideration will 
show this. Thus, if a house be furnished with a carefully- 
insulatetl lightning-rod, and should also have any large 
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surface of metal, such as a tin roof, an extensive system of 
gutters, or such like, connected with it, it is easy to see that 
the house must resemble a large Leyden jar, of which the 
tin roof, or other mass of 
metal, constitutes one coat- 
ing, and the lightning-rod 
and the earth constitute 
the other, while the insula- 
tors and tlie dry material 
of the house represent the 
glass of the jar. If both 
the outside and the inside of 
this jar (the tin roof and the 
earth) had been connected 
together, it would have 

been impossible to have _ 

.1 ■ ■ Tig. is. 

brought one coating into a 

condition opposite to that of the other. But the rod being 
carefully insulated from the roof, it is obvious that the induc- 
tive action of the cloud will bring the roof and the earth 
into opposite con- 
ditions ; and if 
a man were to 
form the path of 
least resistance 
between them, 
the discharge 
would take place 
through his body, 
and he would 
probably be de- 
stroyed. It is 

obvious, then, in 

, ^ , Fig. 14. 

the first place, 

that lightning-rods should be connected with all large 

masses of metal which may exist in or upon the house, 

such as metallic roofs, tin or iron gutters, or pipes, iron rail- 
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ings, &c. In the second place, the rod should be attached 
to the house in the neatest and least obtrusive manner 
possible.' 

It is indeed desirable for various reasons that the copper 
rope or band forming the lightning conductor should be affixed 
to the building in the neatest and least obtrusive manner 
possible. The conductor may be fastened by means of 
ordinary metal staples made of stout copper wire. A better 
method however is indicated in figs. 13 and 14, one 
showing the rope conductor formed of forty-nine wires, 
usually employed by Messrs. R. S. Newall and Co. for 
the protection of ordinary houses and buildings, and the 
other the copper band used 
\ by them for the same pur- 
--' pose. This fastening is sim- 
ply a strap of copper bent 
to the required shape and 
pierced with two holes, 
by means of which it is 
fixed to any building by 
copper nails or screws. 
^' ' This method possesses se- 

veral advantages ; it is very sigiitly and neat, it can be 
easily applied without injury to any building, and as it 
allows the conductor a certain freedom of movement, it 
readily permits tlie contraction and expansion caused by the 
variations of temperature. The band conductor shown 
liere is one inch wide by one-eighth of an inch thick, 
and weighs -44 pound per foot. The rope conductor, 
although it appears less, has more metal in it ; it measures 
five-eighths of an inch in diameter, and weighs -67 pound. 
Fig. 15 shows a different mode of attaching the lightning 
conductor. It is generally used for the heavier ropes. 

Fig. 16 exhibits an apparatus called a ' tightening screw.' 
It is used for making the conductor taut when it gets loose 
from any cause. The digram explains itself, so there is no 
necessity for describing it. 
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The tall chimney shafts of factories and similar buildings, 
from which smoke or rarefied air escapes, are peculiarly 
liable to be struck by lightning. This is principally due to 
the current of smoke or warmed air forming, with the soot 
in the chimney, a medium conductor leading to the iron- 
work of the furnace of stove beneath, but ending there— a 
result that must be carefully avoided ; for although a con- 
ductor that leads past any object is a protection (provided 
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always that it has a good earth connection), a conductor that 
leads to an object, and ends in that object, is a distinct danger. 
It is therefore necessary to offer to the electric discharge a 
better conductor, able to intercept it and convey it safely to 
earth gn the outside of the shaft. 

The mode by which this is generally accomplished in 
England is by fixing a copper terminal rod (four or five feet 
long), on to the side of the top of the chimney shaft. This 
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method is open to one serious objection : if the wind should 
happen to blow the stream of smoke or heated vapour in 
a direction opposite to the terminal rod, the electric dis- 
charge might go down the chimney shaft and effect con- 
siderable damage. By far the best plan is that shown in 
fig. 17. It consists simply of an iron or copper cap, to 
the centre of which is attached the terminal rod. This 
latter, however, is by no means essential, and may be 
said to be merely placed on the top for ornament. A 
structure of such small circumference really wants no 
terminal rod, the most important thing being to provide 
a copper rope or band conductor of sufficient size to carry 



Fig. 18. 

any electric discharge in safety to the ground. It will 
conduce greatly to tlie strength and stability of such a con- 
ductor if it be built up together with the chimney shaft, 
and fastened into the brickwork by clamps on the plan 
shown in fig. 18. A conductor of this kind should be 
made of copper rope or band of much greater calibre 
and weight than that used for ordinary buildings. That 
made of seven solid wires twisted together (see fig. 19) 
being the best. 

A theory propounded some years ago by tlie late Prof. 
Clerk Maxwell, F.R.S., one of the most eminent physicists in 
Europe, deserves some notice here, perhaps more from its 
ingenuity than its practical accuracy. On investigation, it 
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proves to be a revival of au old presumption tliat it ia pos- 
sible to protect a powder magazine or other building from 
the effects of lightning by having ita roof, walla, and ground 
floor surrounded with a covering of sheet metal, or a network 
of hghtning conductors, and disconnecting the said covering 
or network from the earth, or even insidating it by means of 
a layer of asphalt or some similar substance. Prof. Clerk 
Maxwell argues that the presence of a lightning conductor 
induces a larger number of electric diacliarge.^ in ita imme- 
diate neighbourhood than 
would occur provided no 
conductor was present, al- 
though at the same time 
these discharges are ren- 
dered less intense and 
smaller by reason of the 
existence of the conductor. 
Therefore, it is possible that 
fewer discharges take place 
in the area just outside 
the radius of the conductor. 
Reasoning from thia. Prof 
Clerk Maxwell considers 

that an ordinai-y lightning conductor tends rather to miti- 
gate the accumulation of electricity in the clouds than to 
protect the building on which it is placed. 

He says : ' What we really wish to prevent is tlie pos- 
sibihty of an electric discharge taking place within a certain 
region — say, in the inside of a gunpowder manufactory. If 
thia is clearly laid down as our object, the method of securing 
it is equally clear. 

'An electric discharge cannot occur between two bodies 
unless the difference of their potentials (i.e. their electrical 
conditions) is sufficiently great, compared with the distance 
between them. If, therefore, we can keep the potentials of 
all bodies within a certain region equal, or nearly equal, no 
discharge will take place between them. We may secure 
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this by connecting all these bodies by meana of good con- 
ductors, such as copper wire ropes, but it is not necessary to 
do 80, for it may be ahown by experiment that if every part 
of the surface surrounding a certain region is at the same 
potential, every point within that region must be at the same 
potential, provided no charged body is placed within theregion. 
* It would therefore be sufficient to surround our 
powder-mill with a conducting material, to sheath its roof, 
walls, and ground-floor with thick sheet-copper, and then no 
electrical effect could occur within it on account of any 
thunderstorm outside. There would be no need of any 
earth connection. "We might even place a layer of asphalt 
between the copper floor and the ground, so as to insulate 
the building. If the xnill were then struck with lightning, 
it would remain charged for some time, and a person stand- 
ing on the ground outside and touching the wall might re- 
ceive a shock, but no electrical effect would be perceived 
inside, even on the most dehcate electrometer. The potential 
of everything inside with respect to the earth would be 
suddenly raised or lowered as the case might be ; but 
electric potential is not a physical condition, but only a 
mathematical conception, so that no physical effect would be 
perceived. 

' It is therefore not necessary to connect large masses of 
metal, such as engines, tanks, &c., to the walls, if they are 
entirely within the building. If, however, any conductor, 
such as a telegraph-wire, or a metaUic supply-pipe for water 
or gas, coraes into the building from without, the potential of 
this conductor may be different from that of the building, 
unless it is connected with the conducting shell of the build- 
ing. Hence the water or gas supply-pipes, if any enter the 
building, must be connected to the system of lightning con- 
ductors; and since to connect a telegraph-wire with the 
conductor would render the tel^raph useless, no telegraph 
from without should be allowed to enter a powder-mill, 
though there may be electric bells and other telegraphic 
apparatus within the building. I have supposed the powder- 
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mill to be entirely sheathed in thick sheet copper. This, 
however, is by no means necessary in order to prevent any 
sensible electrical efiect taking place within it, supposing it 
struck by lightning. It is quite suflScient to enclose the 
building with a net-work of a good conducting substance. 
For instance, if a copper wire, say No. 4. B. W. Q. (0*238 
inch diameter) were carried round the foundation of the 
house, up each of the corners and gables, and along the 
ridges, this would probably be a sufficient protection for an 
ordinary building against any thunderstorm in this chmate. 
The copper wire may be built into the wall to prevent theft, 
but should be connected to any outside metal, such as lead 



or zinc on the roof, and to metal rain-water pipes. Li the 
case of a powder-mill, it might be advisable to make tlie 
network closer by carrying one or two additional wires over 
the roof and down the walls to the wire of the foundation. 
If there are water or gas- pipes which enter the building from 
without, these must be connected with the system of con- 
ducting wires ; but if there are no such metallic connections 
with distant points, it is not necessary to take any pains to 
facilitate the escape of the electricity into the earth ; still less 
is it advisable to erect a tall conductor with a sharp point in 
order to relieve the thunder-clouds of their charge. 

' It is hardly necessary to add, that it is not advisable. 
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during a thunderstorm, to stand on the roof of a house so 
protected, or to stand on the ground outside, and lean against 
the wall.' 

Prof. Clerk Maxwell, in a letter to Mr. Charles Tomlinson, 
F.R.S., the author of the ' Thunderstorm,' says : ' My plan is 
to convert a building into a closed conducting vessel by a 
sufficient number of wires enclosing it. For an ordinary 
house, a skeleton of its edge is quite enough. A a may be a 
zinc ridge, B b and C c water-gutters of zinc or iron ; but the 
pieces A B D, ACE, ab d, a c e^ and the circuit D E e rf 
should be of stout copper wire or rope, built into the wall as 
a security against theft, but connected to every other piece 
of metal on the outer surface of the house, and to every gas 




Fig. 21. 



or water-pipe which enters the house from without, but not 
to any masses of metal wholly within the whole, unless this 
is desirable for other purposes.' 
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CHAPTER XIY. 

ACCIDENIS AND FATALITIES FROM UOHTNIHa. 

Thb accidents that occur annually from the effects of 
lightning are far greater in number and extent than ia 
generally supposed. Although the art of protecting build- 
ings by means of hghtning conductors was discovered some 
hundred and twenty-seven years ago, and it is now one hundred 
and eleven years since, in 1768, Benjamin Franklin's ' light- 
ning rods ' were first set up over the dome of Saint Paul's 
Cathedral, yet the application of this great discovery is by no 
means general. At least one-half, and perhaps two-thirds, 
of all the public buildings, including the churches and 
chapels, of Great Britain and Ireland, are without any i)ro- 
tection against lightning. As to private houses, it may safely 
be affirmed that not five out of every thousand are fitted with 
lightning conductors. It is well known that the amount of 
property annually destroyed by lightning in this country is 
very great, though it is, very naturally, impossible to form 
any accurate, or even approximate estimate of it. With 
regard, however, to the number of deaths from the same 
cause, certain statistics do exist, although many of them are 
notoriously imperfect. According to the ' Fortieth Report of 
the Registrar-General,' issued in July 1878, and former 
reports, the number of deaths from lightning in England and 
Wales was as follows in each of the nine years from 1869 
■to 1877 :— 
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The official returns of the number of deaths from light- 
ning, as given by the English Registrar-General, are ad- 
mittedly incomplete. In Prussia, where the registration of 
the causes of death is most rigidly enforced by law, and, in 
consequence, ia far more accurate than in England, there 
were one thousand and four persons reported as killed by 
lightning in the nine years from 1869 to 1877. According 
to the official report issued by Dr. Ernst Engel, Director of 
the Statistical Bureau of Berlin, the number of hves lost each 
year was as follows : — 
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The population of Prussia is somewhat larger than that 
of England and Wales — 25| millions gainst 24^ millions — 
but on the other hand, thunderstorms are less frequent there 
than with us Altogether it will be rather under than over 
the mark to say that as many persons are killetl by liglitning 
in England as in Pinissia, the loss amounting, on the average, 
to over one hundred every year. 

Of the deaths by lightning in France, Mods. Boudin some 
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years ago collected statistics which showed that during the 
thirty years beginning in 1834 and ending in 1863, two 
thousand and thirty-eight people were struck dead by light- 
ning in that country. During the last ten years of this 
period, the deaths amounted to eight hundred and eighty, 
and of these only two hundred and forty-three were females. 
In connection with this it is a noticeable fact that when a 
lightning stroke falls upon a crowd, it almost invariably causes 
more fatalities among the men than the women. 

In the following tables are given statistics of deaths and 
accidents from lightning in the various countries referred to. 

In the case of the United States, the Chief of the Bureau 
of Statistics writes that no recoird of deaths or fires caused by 
lightning is kept — a somewhat curious admission on the part 
of such a practical and methodical country. A similar reply 
has been received from the authorities in Spain. 

Oab ]>■ HOKT, OOCASIONirtS fab L1 FoDDBS, daub LBa 49 QoUVXBNBHBirTS DB 
I^ RrsSIB EttBOPJBNHB, BAKS OOHPIBB LA FllfLANlIB K LXB QoUTnUTB- 

jaam do ci-dbtaht botauhb ob Polo^bb. 



AKxta 


HoHun 


.»»» 


1870 
1871 
1872 

1873 
1874 


201 
260 
404 
800 
237 


139 
167 
216 
179 
117 


Total (en cinq Mintoi) . 

De ce nombre dans les villes . 

„ „ „ villages 


1,462 

76 

1..S77 


818 
34 
784 



]NL'Bin)iBS, occabiohhEb far la Foitdbb, dans lbs 40 Goiivbbkkxeiit8 de ia 
Kueen EuRopftEHBE, samb cohpter la Fiklahdb bt lbb Oocvxriixiibntb 
Du ci-DBTAirr BoiAiniB ds PoLoasB. 
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Duns It) gouTemement de CberBon lee TiHei Odessa et Nicolaev ne sont paB 
coinpriM«, ■ csuK du maaque de renseigoemeDtc. 
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The returns from Busaia, which mclude the years 1870, 
1871, 1872, 1873, and 1874, are here printed as they were 
received from the President of the Commission for Statistics 
at St. Petersburg. 

The returns from Sweden, extending as they do over a 
period of more than sixty years, are highly interesting. In 
this case the difference in the number of men and women 
killed is not so noticeable as in other countries : — 
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The data given here is necessarily incomplete, although 
much trouble has been taken in obtaining it. Many coun- 
tries keep no separate records of deaths and accidents from 
lightning, and those kept by others are often meagre and 
untrustworthy. Still the statistics given are sufficient to 
prove that hghtning constitutes no unimportant factor among 
the dangers that threaten the safety of human life. The 
apathy with which the danger is regarded by most people is 
simply astounding : very few make any effort to protect 
themselves or their houses against it, although during certain 
months of the year it is almost impossible to take up a news- 
paper that does not contain an account of some fatality or 
casualty from the effects of a thunderstorm. The long roll of 
accidents appended to this chapter shows only too clearly the 
enormous amount of damage that has arisen — and is con- 
tinually arising — from this source. Public buildings fare little 
better than private houses. Even some of the first cathedrals 
of England have no lightning conductors whatever, while 
others, supplied with them, are insufficiently protected, as is 
apparent to any competent observer. A glaring instance of 
the absence of protec ion against lightning is to be found 
at Windsor Castle. It is a fact that several portions of 
this splendid palace, among them St. George's chapel, and 
the adjoining Belfry Tower, are entirely unprovided with 
lightning conductors. On other parta of the castle a few 
conductors are placed, but clearly not enough. It is need- 
less to say that, speaking only of St. George's chapel and the 
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Belfry Tower, these beautiful buildings, constantly touched 
by the storm-clouda that sweep up the valley of the Thames, 
are liable at any moment to destruction or great damage. 

Thomas Fuller, in his ' Church History of Britain,' states 
that— 

' There was scarce a great abbey in England which (once, 
at the least) was not burnt down with lightning from Heaven. 

I. The Monastery of Canterbury, burnt anno 1145, and 
afterwards ^ain burnt anno 1174. 2. The abbey of Croy- 
land, twice burnt. 3. The Abbey of Peterboro, twice set on 
fire. 4. The Abbey of Mary's in York, burnt. 5. The 
Abbey of Norwich, burnt. 6. The Abbey of St. Edmonds- 
bury, burnt and destroyed. 7. The Abbey of Worcester, 
burnt. 8. The Abbey of Gloucester. 9. The Abbey of 
Chichester, burnt. 10. The Abbey of Glastonbury, burnt. 

II. The Abbey of St. Mary in Southwark, burnt. 12. Tlie 
Church of the Abbey of Beverley, burnt. 13. The steeple 
of the Abbey of Evesham, burnt.' 

Even in those cases where in modem times lightning con- 
ductors have been applied to buildings, they are very often 
improperly fixed in the first instance, or, having once been 
put up, are never examined or tested with the view of ascer- 
taining their constant efiiciency. Several accidents owing 
their origin to one or the other of these causes have occurred 
quite recently. In May 1879, the church at Laughton-en-le 
Morthen was struck by lightning and damaged in the 
manner described in Chapter XHI. The spire was fitted with 
a corrugated copper tube conductor the joints of which were 
made by screws and coupling-pieces, but there was no 
metaUic contact between the lengths; the conductor was 
insulated from the building ; and the earth-contact was 
obtained by bending the end of the tubing, and inserting it 
about twelve inches deep in dry loose rubbish ! Such a 
conductor is worse than useless. If it had been examined 
by a competent person, it must at once have been utterly 
condemned. In June 1879, a disastrous result followed the 
use of a eimilar conductor erected upon a private house near 
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Sheffield. In this caae the corrugated tube forming the 
conductor contained too little metal, and it was insulated 
from the building. The examples show the necessity of 
leaving the design and erection of lightning conductors to 
those persons who have made a thorough study of the 
subject, since the work is by no means so free from com- 
plexity as is commonly supposed. 



Fig. 1. ST. aEORGKs CHDRCH, LincRsiEa, 

Figs. 1 and 2 show the tower and spire of St. 
George's Church, Leicester, after being severely damaged by 
lightning on August 1st, 1846. The storm, during the course 
of which it was struck, was very violent, of prolonged dura- 
tion, and accompanied by torrents of rain and hail. Mr. 
Charles Tomlinson, F.E.S., in his work on * The Thunder- 
storm,' thus describes the catastrophe ; — 

' It was at five minutes past eight, after one or two peals 
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of unusual distinctness, that the church of St. George was 
struck with a report resembling tlie discharge of cannon, and 
with a concussion of the air which shook the neighbour- 
ing houses, and extinguished a lamp burning at the entrance 
of the News-room, many hundred feet distant. The Sexton 
had gone into the church, as usual, to toll the eight o'clock 
bell ; but was so terrified by the " fire-balls" that he saw in 
the sky, and by the fact that once or twice the clapper 
struck the side of the bell without his agency, that he made 
his work as short as possible, and had just gone out and 
locked the churchyard gate when the stroke fell. Two of 
the spectators of this awful event were Captain Jackson and 
the Eev. R. Burnaby, the rector of the parish, who both 
described the flash as a vivid stream of light, followed by a 
red and globular mass of fire, and darting obliquely from 
the north-west, with immense velocity, against the upper 
part of the spire. For the distance of forty feet on the 
eastern side, and nearly seventy on the west, the massive 
stone-work of the spire was instantly rent asunder and laid 
in ruins. Large blocks of stone were hurled in all directions, 
broken into small fragments, and in some cases, as there is 
every reason to believe, reduced to powder. One fragment 
of considerable size was hurled against the window of a 
house three hundred feet distant, shattering to pieces the 
woodwork, as well as fourteen out of the sixteen panes of 
glass, and strewing the room within with fine dust and 
fr^ments of glass. It has been computed that a hundred 
tons of stone were on this occasion blown to a distance of 
thirty feet in three seconds. In addition to the sliivering of 
the spire, the pinnacles at the angles of the tower were all 
more or less damaged, the flying buttresses cracked throug!i 
and violently shaken, many of the open battlements at the 
base of the spire knocked away, the roof of the church com- 
pletely riddled, the roofs of the side-entrances destroyed, 
and the stone staircases of the gallery shattered. The top 
of the spire, when left without support beneath, fell per- 
pendicularly downwards, inside the steeple, causing much 
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devastation in ita descent. Palling through the uppermost 
storey, and carrying along with it the bell and its aolid sup- 
ports, the ruined spire entered the room containing the 
clock, dashed the works to pieces, and penetrating the strong 
and well-supported floor, descended with additional momen- 
tum through the third and fourth floors (the latter being 
that just deserted by the prudent sexton), and reached the 
paved vestibule with so furious 
a shock as to drive in a por- 
tion of the strong foundation- 
arch, by which the weight of 
the whole tower was supported. 
On looking upward from the 
scene of ruin in this vestibule, 
the tower appeared like a well, 
BO small were the vestiges of its 
various storeys.' 

After minute examination, 
it was evident that the course 
of the lightning had been nearly 
as follows : — ' The flash first 
struck the gilded vane, marks 
of lightning being perceptible 
between its bevelled edges. 
After traversing the vane and 
spindle, and the terminating 
iron supports, the only path left 

for the fluid was through a ^V- 2. sr. oeorgbi church, 
series of iron cramps, separated 

by masses of sandstone ; and here it was that the explosion 
commenced — the stone being torn and hurled aside as it 
came in the path of the hghtntng to the lowest lead lights of 
the spire. Most of these iron cramps were found to be 
powerfully magnetic ; and one of them, eight weeks after- 
wards, sustained a very considerable brush of steel filings at 
its edges. The lattices of the lights on three sides of the 
spire were little injured ; but on the fourth side the stone- 
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work was shattered, and the lattice singularly twisted and 
partially fused. Here, it appears, another violent explosion 
took place, and the lightning diverging struck the north-west 
pinnacle, attracted apparently by the copper bolt by which 
the stones were held together. It also struck the large cast- 
iron pipe on the other side of the spire, reaching from the 
tower-battlements to the roof of the church ; and during its 
passage down the pipe, and at an inequality in the surface of 
the metal, it displayed the most extraordinary expansive 
force, bursting open and scattering to a distance portions of 
metal of great solidity and weight. From the leadwork of 
the roof the lightning was conducted to the leaden gutters, 
and so finally to the earth. 

'The course of the remaining current in the interior of 
the tower was first to be traced on the lattices of the belfry, 
then in the clock-room, where the works of the clock were 
strongly magnetised, thence in at least tliree different direc- 
tions to the outside of the tower. The external faces of the 
clock were not much altered, the hands were, however, 
slightly discoloured, and the blackened surfaces of the dials 
covered vrith streaks, as if smeared with a painter's brush. 
On quitting the dial faces on tlie northern and southern sides 
of the tower, the lightning evidently fell upon the leads of the 
side lobbies, and was finally carried off by the two iron pipes 
connecting their roofs with the earth. Both these pipes were 
chipped and injured, and one of them was perforated, as if by 
a musket-shot, a few inches from the ground. The edges of 
this fracture were found to possess magnetic power. Thus, 
besides the division of the current at the upper part of the 
spire, there was a second division in at least three directions 
from the clock-room and dial faces. The roof of the church 
throughout its whole extent showed signs of an extraordinary 
diffusion of the electric current ; and in almost every place 
where one piece of metal overlapped another, a powerful 
explosion had evidently taken place.' 

As far as is known the church was unprovided with auy 
lightning conductor. The same storm produced most 
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(lisflstroua effects in other parts of the Kingdom. Seven 
thousand panes of glass were broken by the hail in the 
Houses of Parliament ; three hundred at the Police Office, 
Scotland Yard ; other buildings in the metropolis suffered to 
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a similar extent, the glass in the picture gallery at Bucking- 
ham Palace being totally destroyed and the apartment flooded 
with water. 

Fig. 3 shows the spire of the church at West End, 
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Soutliamptvii, which was struck by lightning on June 10, 
1875. A large quantity of the stone-work was broken by 



Fi^'. 4. M£ltTI)X COLLLUB CnAPBL, OXPOIID. 

the passage of the electric discharge, and some of the pieces 
were thrown to a great distance. 

On September 27, 1875, the tower of the chapel of Merton 
College, Oxford, was struck by liglitning. The damage done 
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was confined to the mutilation of one of the corner pinnacles 
and the displacement of fragments of some of the stone- 
work which were thrown on to the leads and the pathway 
beneath. Some workmen were on the leads at the time, but 
fortunately were not hurt. The tower had lately been re- 
stored, and the scafTolding had only been removed a few days 
previous to the accident. A gentleman who had taken shelter 
from the storm in one of the workmen's sheds beneath the 
tower was startled by seeing fragments of stone falling from 
above ; looking up, he discovered that the 
tower had been struck, and immediately in- 
formed the collie authorities. On ascending 
the tower it was found that one of the eight 
crocketted pinnacles had been struck. This 
pinnacle occupied the south-western corner, 
and had been completely and cleanly severed 
from summit to base. Fortunately, the stone- 
work displaced — which weighed about three 
hundredweight — was thrown on to the roof 
of the tower, a distance of twenty-five feet. 
The vane, slightly fused by tBe electric dis- 
charge, was found embedded in an upright 
position in the leads. The mouldings on the 
edges of the pinnacle were divided to the 
extent of four feet, and many of the stones 
were turned entirely round. 

The tower, which was erected in 1424, 
and is one of the landmarks of Oxford, had not up to the 
time of the accident been provided with lightning con- 
ductors, but they have since been affixed to the building. 

Fig. 5 shows the steeple of St. Bride's Church, Fleet 
Street, London, which was severely damaged by hghtning 
on June 18, 1764. The spire of this steeple is built in 
four storeys, surmounted by an obelisk. These foui- storey-s 
are braced together by means of horizontal iron bars ; 
another iron bar, about twenty feet long and two inches 
square, passes through the upper part of the obelisk and 



.:,\^jOOgIc 



184 LIGHTNING CONDUCTORS. 

supports the weather-cock and other ornamental work on 
the top ; there is also a great deal of iron-work used 
■generally in the conatniction of this part of the building, thus 
forming a complete series of discontinuous metallic masses. 
When the lightning struck the building it was received by 
the long iron bar which supported the vane ; at the lower 
end of the bar the electric discharge, meeting with no metal- 
lic conductor, burst with great violence, shattering the stone 
on which the bar rested ; the lightning then pursued its 
course to earth, leaping fi-om one piece of metal to another 
and breaking the atone-work in its way. The last trace of it 
was found at the west window of the belfry, from whence 
it seems to have found a road to the earth. The damage 
sustained by the structure was so great that eighty-five feet 
of the spire had to be entirely rebuilt. 

The edifice was afterwards attentively examined {as 
explained in a previous chapter) by Dr. Watson, a well- 
known electrician in those days, who reported to the Boyal 
Society that the accident 'completely indicated the great 
danger of insulated masses of metal to buildings from 
hghtning ; and, on the contrary, evinced the utility and 
importance of masses of metal continued and properly 
conducted, in defending them from its direful efiects. The 
iron and lead employed in this steeple, in order to strengthen 
and preserve it, did almost occasion its destruction; though, 
after it was struck by the lightning, had it not been for 
these materials keeping the remaining parts together, a great 
part of the steeple must have fallen. 

Fig. 6 shows the condition of St. Michael's Church, at 
Black Eock, near Cork, after being struck by Ughtning on 
January 29, 1836. The damage done was entirely on the 
windward side of the steeple, caused, as is suggested in 
Mr. Tomlinson's work, by this side receiving the greatest 
quantity of rain, and so being rendered the ' line of least 
resistance,' but not a sufficiently good conductor to carry 
off the discharge to earth. 

On Trinity Sunday, June 8th, 1879, a violent thunder- 
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Storm broke over the town of Wrexham about half-paat 
three in the afternoon, during which the spire of St. Mark's 
Church was struck by hghtning. A Sunday-school class 
was being held in the room at the base of the spire, and the 
teacher and five of his scholars were burnt, three of them 
severely, and one had hia leg broken. Some of the stone- 
work of the spire was also displaced and thrown down. 
The spire was fitted with a copper conductor, but it was 



of too small a calibre, and it is very doubtful whether the 
earth connection was all it should have been. 

Many other cases might be enlarged upon, but enough 
have been given to prove the imperative need for a more 
general use of lightning conductors on all public and private 
buildings. Another equally important necessity is that light- 
ning conductors should be erected on sound principles, and 
also be periodically examinetl and tested by some competent 
person. 
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Conudembly dam 
aged 



other damage 
Spire destroyed 



Gilh. Ann. Ixriii. 



Gilb. Ann. IzviiL 



Gilh. Ann. Ixriii. 



Gent's Mag. zdL 
636 

TomUnaon's Hull' 
dentorm, p. 166 

Tomlinson's Thun- 
derstorm, p. 166 

Gent's Mag. xcii. 
663 



Tunilinson's 11iun> 
deistcffm, p. 165 



Tomlinson's Thun- 
derstorm, p. 166 



Tomlinson's Thun- 
derstorm, p. 166 



Ann. Beg. 1826, p. 



Wurtemberger 
Jahreahafte, xi. 
463 

Gent's Mng. zcriii. 
358 

Tomlinson's Thun- 
derstorm, p. 166 

Ann. Beg. p. 131 

Ann, Reg. p, 101 
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PUDtIC BmLDDIHS STRUCK BT LlOHTinHO (eonlitttlftl). 



D*T« 


Binrsira 


D.-«. 




1830. Aug. . 


DevoD 


Tower and church 


Tomlinson's Thun- 




severely damaged 




1831. Feb. . 


Much damaged 


Ann. R%. p. 30 




Glatuire 






183.1. Aog. . 


Stmsbunr Oathedral 


Much damagbd 


Builder, ii. 39 


1836. Ms; 10 


Church Tower, En- 


Much shattered 


Wiirtemb. Jahres- 




dersbach 




hafte, xi466 


1836. JTiino . 


Durham Cathedral . 


Western tower daiii- 
Spire demolbhed . 


Ann. Beg. p. B4 


ISaO. Jan. . 


BlRfik Rock, near 


Tomlinson's Thun- 




Cork 




derstorm, p. 166 


1830. Nov. . 


Christ Church, Don- 


The spire ahattered 


TomUnson's Thnn- 




CABler 


and the church 
greatly injured. 
The roof was 
smashed in, and 
the churchyard 
presented a scene 
of ruin and devas- 
tation. The spire 
waesunnounteJby 
ft baU of glass to 
keep off the lights 


derstomi, p. 180 


1837. June . 


Hoo Church, Kent . 


Set'onfire 


Qent.*s Mag. N.a 

viU. p.8ti 
Atago, Holi«, 126 


1830. Jan 8 . 


Church tower in Ha»- 

Belt 
Sjutalfielda, Londou . 


Damaged . 


1341. Jan. . 


Spire rent, and other 


Tomlinson's Thun- 






damagea 




1841 ... 


StTeatham . . 


Spire nearly destroy- 








ed, and church set 
onSre 


derstorm, p. 106 


1841. MajlO 


Waltou Church, St»f- 


Tomlinson's Thon- 




foTd 




derstonu, p. 166 


1841. Aug. 24 


St MichsePa, Uyw- 


Beautiful S[ure shat- 


Tomlinson's Thun- 




pool 


tered, and clock 
injured 


derstorm, p. 168 


1841. Aug. 24 


St Martin's, IJ^eiv 








^'olverhampton Pa- 


other damage 


Annals of Electri- 


1841 ... 


Set on fire 




rish Church 




dty, vi. 604 


1841 ... 


Spitalfields Church . 


Steeple damaged . 


Annals of Electri- 
city, vi. 604 
Tomlmson's Thun- 


1842. April 24 


Brixton Church, 


Dome and building 




London 


much rent 


derstorm, p. 166 


IfrJ2. July 28 


St Martin's, Loudon 


Spire shattered ; cost 








of repair, 1.60W. 




1843. April 26 


Elton Church, Rut- 


Spire destroyed ; 






land 


church set on Are 
and nearly de- 


derstorm, p. loO 


184:1. May 26 


St. Mark's, HuU 


stroyed 
Slightly damaged . 


Tomlinson's Thun- 
derstorm, p. J66 


1843. Oct. . 


North HuiBh. neat 








Modburv, Devon 






1844. Mar. . 


Oriufir Church, near 


Spire damaged. . 






Chicheeter 




derstorm, p. 166 
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Public BviLSDiaa BiBncz bx LiaHiHiira (amtnaud). 



1844 . . . 

1844. July . 

1844. Jul; SO 

1848. June 14 

1846. Aug. . 
1648. Aug. . 
1840. Oct. . 

1847. Juno . 
1347. June . 
1847. Aug. . 

1849. July . 
1860. Ksj . 
leoa Hay . 
18Ga Aug. . 

1860. Oct . 
186a Not. . 

1861. M»y . 

1861. H&y . 

1861. June . 
1863. July 6. 

1862. July . 
1862. July . 



1868. July 
1863. July 



St. ClemeDf s, London 



Church, 
iffield 
Chuicb near Obun- 

St. Oeorge'a Church, 

LucMtor 
Dedham Church, 

Eaaer 
YiOtge of Schledorf, 

near Munich 
Her Majeaty'a palace, 

Oiborne 
Ohureli in Thum 



St Sarioor'a, South- 
Norton - by - Oaulhy 

Church 
Little . Stretton 

Church 
Roman Catholic 

Church, York 
Ee;Bi>e Church 



Edinburgh Awembly 
Hall 

Boulogne Cathednd 

Roaa Church, Hero- 
ford 

Wooldt Church, 
Suffolk 

L^frhton Buzzard 
Church 

Exton Pariah Church 

Derby Church . 
Parieh Church, Eak- 
dalemuir, DumlrieB 
lincolu CatlMdral 



SkiptoD Church 
Hereford Old Parish 
Church 



One of the pinnaclea 
damaged ; aturcaee 
injured 

Seiioualy damaged . 

Damaged . , 

Spire destroyed 

Much damaged 

Completely destroyed 

One tower much 

damaged 
Much damaged . 

Lightning entered at 
the belfry ; one 
man killed, sereral 
injured 

Damaged. 

Sjan much damaged 
Much damaged . 
Bell-turret ahatterud 
Considerably di^ 
Coun^erably d*- 
Much damaged 



Dome damaged 
Severely damaged 

Tower and apire de- 
Much damaged . 

Church nearly de- 
stroyed 
Much damaged 
Endrely deatroyed . 

Struck north-west 
ninnacle of the 
DToad tower; set on 
file ; narrowly ea- 
caped destruction 

Much damaged 

Slightly dajnaged . 



Tomlinaon'a Thun- 

deratorm, p. 168 

TcKulineon'a Hiud- 

ntonn, p.166 

Tomlinson'a Thun- 

deistom, v. 166 

Compt Reno. xziiL 

Bui der, iv. 306 

Bmlder, ir. 3B6 

Journal des Debata, 

Oct 20, 1846 
Builder, TiL 291 

Oompt Rend. xxix. 

TomliosoD'a Thnn- 
deratormip. 168 



Ann. Reg. xci. 60 
Builder, Tiii. 248 
Builder, Tiii. 
Builder, viii. 406 
Builder, viii. 600 
Builder, viii. 6S3 
Builder, ix. 829 

Builder, ix. 306 

Builder, ii. 415 
Tomlinwin'a Thun- 
deratorm, p. 166 
Builder, i. 493 

Bunder, x. 4D2 

Builder, zii. 676 



Tomlinaoa's Thun- 
derstorm, p. 166 



Builder, zi. 423 
Builder, zi. 487 



I oy Google 



ACCIDENTS AND FATALITIES FROM LIGHTNING. 



Public Buildingb btbvce bi Liti&TNiNa {loiUimud). 



Dati 


Bdildino 


DAMioa 


A^OHZXT 


1853. Nov. . 


ChaddMley Oorbett 


Conwdembly da- 


Builder, li. 704 




Church 


maged 




1S64. May . 


Hanwell Ohurcb . 


Spire much damaged 


Builder, xii. 283 


1864. MtiT . 




Spire much damaged 
Had a common con- 


Builder, xii. 269 


16o4. June . 


Eahag Church . 


Tomlinson'e Thun- 






ductor, which was 








fuaed i the church 








slightly damaged 




1861. July . 


Aahbury Church . 


HaTa wmmon^con- 


Tomlinson's Thun- 






ductor, which was 








fuBftd; church da^ 








maged, but not 












1854. July 19 


Towet of MtigtUlen 


Much damaged 


Tomlioaon's Thun- 




College, OiFoid 
NdtionJ School Cha- 




deiehmn, p. 167 


1864. Aiiff. . 


Three children killed, 


ADn.Heg.xcvi.140 




pel, , St. Mary, 

IpBWKh 

Trinity Church, 

Southwark 
St. Mark's, Myddel- 


aererai injured 




ISae. May . 


Slightly damaged . 


BuUder, lui. 239 


1866. Uny . 


Considerably da- 


BuiMer, xiii. 230 


1856. July . 


ton Square 
Holy Einity Church, 

Brompton 
St Ebte'fl Pariah 

Church 
Chimney at Liver- 


Sligh§5rdamaged , 


Builder, liii. 348 


1865. July . 


Slightly damaged . 


Builder, xiii 348 


1860. Feb. . 


Much damaged; 


Tomlioson's Thun- 




pool, 310 ft. high 


struck at 20 yds. 
below the top 


deretorm, p. 167 


1866. June . 


Hemingbrough Ch. . 


Much damaged 


Builder, riv. 348 


1866. July . 


Clapton Church 
Addlethorpe Church, 

lincolnshire 
Church of St. Ehbe, 


Much doniBged 


Builder, liv. 301 


1866. July . 


Much damaged 


Builder, xiv. 391 


1866. July 14 




Tomlinson's Thun- 




Oiforf 




derstorm, p. 167 


1866. Aug. . 


Holy Trinity Church , 
Pariah Church, Wi»- 


Much damaged 


Builder, xiv. 461 


1867. May . 


Steeple set on fire . 


Tomlinaon's Thun- 




borough, Suwex 






1867 ... 


Walgrave Church . 


Damaged. 


Tomlinson'B Thnu- 
demtorm, p. 167 


1867. May . 


VVamave Church, 


Pinnacle destroyed . 


Tomlinson's Thun- 




Twyfonl 




derstorm, p. 167 


1867. Aug. . 


Towar of Windsor 


Four tons of parapet 






Castle 


demolished 


deretorm, p. 167 


1867 .. . 




Set on fire 


Tomlinson's Thun- 




P.)rt8inouth 




deratorm, p. 167 


1867. Aug. . 


St. Michael's Church, 


Pinnacle demolished 


Tomlinson's Thun- 




Stamford 




derstorm, p. 
167 


1867 .. . 


Trinity Church, 




Tomlinaon's Thun- 




Southwark 




167 ' 


1867. Aug. . 


A aaaomeler at the 

Co.'8 works, St 
Luke's 


Struck, and ga« ig- 
nited 


BuUder, xv. 488 


1868. July . 


The monument to 
Dugnld StuBTt at 
Edfnbnrgh 


Slightly injured 
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FuBLio BuiLDiKse BTRDcz BT LieHTNiiiB {coTainutd). 



1662. Mar 
1862. May 

1663. Ma7 

1862. July 

1863. Feb. 

18. June 

U. 3ept. 
16. Jan. 

1866. Jul; 

1866. July 

1866. July 

1867. Sept 

1867. Sept 

1867. Sept 
1666. Hay 

1666. June 
1866. June 

1866. June 

188a June 
1666. June 

1868. June 



1871. July 
1871. July 



Maahbuiy Ohurch, 

Euex 
Bampton PariBh 

Ohurcli 
Bainham Pariab 

Ohorch, Kent 
Tac]cley(Qe&rWood- 

Btock) Pviah 

Ghurcli 
Dunoon Ohurch, 

Scotland 
St Paul's Church, 

Mancheetec 
St. Mary, York 
St. Lawrence, Nu- 
remberg, Bavaria 
St Mary'a Ohuicb, 

Stamford 
St Botolph Ohurcb, 

Boston 
Boman Catholic 

Chapel, Colcheeter 
Sutton - in - Asbfield 

Church, Notting^ 



St P^unt-Simon 
Church, France, 

Saniet Ohurch . 

St. Paul's Church, 
Little Chester, 
Derby 

St Stephen's, South- 
wark 

Tempotaty Congrega- 
tional Church, 
BuckhuTBt Hill 

Victoria Tower, 

Honaas of Parlia- 

MorviUe Church, 

Shropehire 
School. Furze Hill, 

BriKnloQ 
Ohurch, Shai^hf 



Rotlierfield Ohurch . 

Hethersett Ohnrch 
St John's Ohurch, 

Buy St Edmund* 
St Mawarefs 

Ohurch, King's 

Cromer Ohurch 



Ohurch struck i roof 
damaged, w^ se- 
riously fractured, 
and organ injured 

Set on fire 

Much damaged 
Damaged . 
Much damaged 

Nearly destroyed 

OoDsiderably da- 

Slighdv damased . 
MuchdamagM 

Much damaged 

Much damaged 

Much damaged 

Spin destroyed 

Much damaged 

Set on fire 
Much damaged 



Muchd 

Much damaged 

Destroyed 

One pinnacle de* 

■troyed and church 

danuiged 
Oonsiderftbly dam~ 

aged 
Much damaged 
Slightly damaged 

Much damaged 



TomUnson's Thun- 
derHtorm, p. 167 



Builder, xz. 381 

Building Nawa, 

1862, p. 77 

Builder, zzi. 140 

Building News, 

1863, p. 467 
Builder, zxiL 681 
Builder, zziii. 63 

Builder, zxiii. &S6 

Builder, zxiii. 626 

Builder, siiii. 626 

Builder, zxv. 686 

Builder, m. 684 



Builder, xzri. 433 
Builder, zxti. 4-33 

Builder, xxvi. 416 

Builder, uvi. 416 
Builder, xzvi. 416 



Builder, xxriiL 604 
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PiTBuo BiriLDiNSS BiBOCK BY LiaHTNiK6 (eotOmtud). 



! 1S71. Sspt 
1872. Jm. 



1872. June 

1872. Hay 

1872. May 

1872. Maj 

1872. June 
1872. June 

1872. June 

1872. Joly 

1872. July 
1872. Aug. 
1673. Aug. 

1872. Sept. 

1873. Apl. 

187a Apl. 
1878. Not. 
1878. Not. 

1874. July 
1874. July 

1874. July 

1874. July , 

1874. July 

1874. July , 
1874. July , 
76. June , 
1876. June . 
1876. June . 



Congregational 
Church, Terre 
Haute, Ind., U.S. 

St Maiy'B Ohureb, 
Ommpwll, Man- 
chester 

Baptiet Chape), Wem 

St Mary's Ohvirch, 
BeeMMi, Norfolk 

St Martin's Ohureb, 



Church, 

Kent 
Mashbury Ohutch, 

Euez 
Bampton Fariah 

Church 
Ohiddingley Church 
All Sauita' School, 

Little HortoD 
Kibblesworth Wee- 

leyan Chapel 
Brixton Church 

L^ Church . 

St. Giles, Oiipplegate 

Hdy Trinity Church, 
Windsor 

Dundonald Parish 
Church 

Parish Church, Cro- 
mer 

Martham Church 

Kipponden Church . 

Induatiial School, 
Hoebaofc, Glnsgow 

Ohesterfield Church . 

Christ Church, Sal- 
ford 

St Luke's, Homerton 

General Post Office, 
St Martin's le 

Milituy Prison, R.A. 

Barracks, Wool- 
Free Church ofBraco, 

Perthshire 
Ayot St. Peter Parish 

Church, Herts 
Chester le Street, 

Durham 
West End Church, 

near Southampton 
London and South 

Western Boilway 

Co/s tall chimney 

■haft at Southamp- 



Couriderably dam- 
aged 



stroyod 
Slightly d 



Slightly damsged 
Slightly damaged 



Oonsidenibly dam- 
aged 
Severely injured 
Slightlv damaged 
Sererely injured 

Spire and roof dam- 
aged 
Slightly damsged . 

Much damaged 
Much damaged 



Slightly damaged . 
Slightly damaged . 

Set OD fire, .much 

damaged 
Slightly damaged 



Slightly damaged 

Completely destroyed 

Com ptetely destroyed 

Spire connderably 

damaged 
Spire destroyed 

Destroyed 



ScientiSc Ameri- 



Builder, xxz. 611 
Builder, xxx, 423 



Builder, xzx. 3Q1 
Builder, XXX. 391 



Builder, X 

Builder, X 
Builder, X 
Builder, x: 



Builder, xxxi. S31 
Builder, xxxi. 876 
Builder, xxxi. 876 



Builder, xxxii. 613 
Builder, xxxii. 613 



Builder, xxxiL 613 
Ann. Reg. p. 70 
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PuBijc BiniDiNss STRUCK Bi LiOHTNiirs (continual). 



1875. July . 

1876. July . 
1876. Aug. . 

6. Har. . 

1876. April . 

1876. April . 

1878. July . 

1876. July . 

1876. July . 

1876. July . 

1876. Sept. . 

1876. July . 

1877. M«y . 

1877. May . 

1878. May . 

1878. July . 

1878. July . 

1878. July . 

1878. July . 

1878. April . 

1879. May . 
1878. JuDe . 
1878. Jnne . 
1878. Aug. . 

1878. Auff. . 

1879. Aug. . 



Barthomley Church, 

near Orewe 
St. Mary'a Church, 

Birkenhead 
St. Kicholfia Church, 

BluDdallBands 
Catdngham. Church, 

Dear Hull 
SDettishtun Church . 

Shotia Parish Ohutch 
Union Workhouse, 

Retford 
BishopBtone Church. 

Wilmcote Church . 

St. Peter's Church, 

S tratford-on- Avon 

Grey Friara Tower, 

King's Lynn 
Market Hall, Don- 
Catholic Church, 
Wiwchen, Poland 

AU Sunt8 Church, 
Stand Whit«land, 
Lancashire 
iir David Baird'e 
monument, Perth- 

St. Luke's Church, 

Hackney 
Wesley an Chapel, 

Southampton 
Free Methodiat 

Church, Tani worth 
St. Jude's Ohurcb, 

Bethnal Green 
Church of the Holy 

Nativitr, Knowle 
Henlow Church, Bed- 
fordshire 
Laughten - en - le - 

Morlben Church 
St. Marie's Church, 

Rugby 
Clevedon Market 

House, nr. Bristol 
Pariah Church, 

Welb, Norfolk 
Cromer Church 
St. aide's Church, 

Stepney 
Sanctuary of Ma- 
donna de Valmala, 

Valmala 



Damaged . 
Much damaged 
Much damaged 
Set on fire 



Considerably 

aged 
Considerably 

aged 
Considerably 

aged 
Oonaiderahly 

Damaged . 



Six persons killed and 
seventv seriously 

Much damaged 



Almost entirely de- 
stroyed 

Damaged . 

Damaged . 

Damaged. 

Much damaged 

Considerably dam- 
aged 

Considerably dam- 
aged 

Considerably dam- 
aged ' 

Set fire to the wood- 

Veiy much damaged 

Burnt to the ground 

Pinnacle damaged . 
Slightly damaged 



Daily paper 

Builder, xxjuiL 032 

Builder, zzxiii. 783 

Daily paper 

Daily paper 

Daily paper 
Duly Chronicle, 

July 25 
LlovfB Weekly 

l4ews, July 2S 
Lloyd's Weekly 

News, July 23 
Sunday Times, July 

23 
Duly paper 

Daily Telegraph, 

July 24 
Olobe, May 31, 

1877 

Builder's Weekly 
Reporter, May 
25, 1877 

Daily Telegraph, 
K&ySO 

Duly paper 

Duly paper 

Daily paper 

Daily paper 

The Timea, July 

27 
The Times, April 

18 
The Hines, Hay 

Weekly Dispatch, 

Daily Chronicle, 

June lU 
Norwich paper 

DaUy paper 
Daily paper 

Electrician, Sept. 
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POWDER MAGAZINES STRUCK BY LIGHTNING. 



1773 . . 

1773 . . 

17S0. Aug. 
1782. Mar. 
1786. May 
•""7. June 

1808. Sept 
1829. Not, 
1840. June 

1843. April 

1843. Ajttil 



?. Aug. 
1878. Aug. 



BDILDUia 

Gunpowder Msgazine at Oom* 

post Major, Portugal 

BremeD 

Fort Augusta, Jamaica, powder 

maguue, coutainiiig 2,850 

liarreU of powder 
Brescia Mafazine, coDtuning 

207,600 Ibfl. of powder 

Venice 

Chester 

Oambtay 

Abbeville 

Malaga Ouo powder Magazine 
Sumatra Gunpowder Magazine . 
Tangiera Gunpowder Magazine . 
Luxembourg Gunpowder Maga- 

Venice Gunpowder Ma«izine 
Navarino Gunpowder Magazine . 
Bofflb^ GuDpowder Works 
Dum Dum Gunpowder Magazine 
Sicily, Puizalom Gunpowder Ma- 
Spain, Oaucin Gunpowder Ma- 
gazine 

HodubIow Gunpowder Magazine 
Fiieworlc man uMcton% Liverpool 
Rbodea Gunpowder Magazine 



Bombay, Joudpore 



Bruntclifie OoUierv, near Le 
powder magazine, contal 
about one ton of powder 

Pottoville, Pa. U.S. ; a poi 



Exploded. City laid in ruins ; 

aoove 1,000 people injured 
1,000 housea deitroyed 
Great number killed ; much 

damage' to property 

Exploded; 3,000 persons killed. 

400 persona killed 

Great damage to property ; 

many lives lost 
18 people killed ; several houBee 

greatly damaged 
150 persona killed ; 100 houses 

destroyed 



About 12 tons of ponder 
ploded 



17 killed; 78 wounded 



A number of persons killed} 
church and 200 houses de- 
stroyed 

Exploded 

A considerable tumber of per- 
sons killed, and a la^e por- 
tion of the town laid in ruins 

About 1,000 persons killed; 
600 houses dutroyed 

Exploded 



Exi^oded; 3 persons killed, 
several injured ; many houses 
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CHAPTER XV. 

THE EARTH CONNECTION. 

To dwell too largely upon the importance of leading, all 
lightning conductors down into moiat earth, or, as techni- 
cally called, ' good earth,' would be scarcely possible. It 
would perhaps not be too strong an expression to say that 
the part of the conductor above ground is a mere appendage 
to that under ground, the essential function of the whole 
apparatus — that of dispersing the electric force harmlessly 
— being accomplished by the subterranean portion. The 
clear understanding of Benjamin Franklin perceived this 
at the outset; but after him it seemed as if forgotten 
for a long time, and the result showed itself in numerous 
disasters that occurred to buildings protected with con- 
ductors, which brought the latter into disrepute with many 
persons. While, no doubt, in many instances the cause of 
these disasters was in the bad application of the conductors 
themselves, their defective character, or their feebleness, 
still in the great majority the underground connection may 
be taken to have been in fault. It may be lad down as an 
absolute certainty that a really good conductor — say, a 
copper rope from five-eighths to three-quarters of an inch in 
thickness — cannot possibly fail to carry off the electric force 
if the lower part reaches moist earth or water. Probably, in 
nine cases out of ten, whenever a building provided with a 
conductor is struck by lightning, it is for want of 'good 
earth.' 

Frankhn's own ideas were very cleu: on the subject. He 
laid them down at various times, more particularly when 
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residing in England, during the years from 1764 to 1775, as 
colonial agent for Pennaylvaoia. During the latter part of 
this period he took an active interest in the proceedings of 
the Royal Society ; and this learned body being requested 
■ by the Government to give advice regarding the best protec- 
tion gainst lightning that could be provided for the great 
powder m^azines at Purfleet, he was nominated into a 
committee with three other members, WiUiam Watson, 
H. Cavendish, and J. Robertson. The committee drew up a 
report, dated August 21, 1772, signed by all the members, 
but known to be written by Frankhn alone. DweUing 
strongly on the importance of the underground connection, 
Frankhn says in this report : * In common cases it has been 
judged sufficient if the lower parts of the conductor were 
sunk three or four feet into the ground, till it came to moist 
earth ; but this being a case of great consequence, we are of 
opinion that greater precaution should be taken. Therefore 
we would advise that at each end of each magazine a well 
should be dug, in or through the chalk, so deep as to have 
in it at least four feet of standing water. From the bottom 
of this water should rise a piece of leaden pipe to, or near, 
the surface of the ground, where it should be joined to the 
end of an upright bar.' Franklin then goes on to recom- 
mend the usefulness of having even more wells than the two, 
so as to avoid any possibihty of failure in protecting the 
powder magazines. ' We also advise,' he says in his report, 
' in consideration of the great length of the buildings, that 
two wells of the same depth with the others should be dug 
within twelve feet of the doors of the two outside magazines 
— that is to say, one of thera on the north side of the north 
building, and the other on the south side of the south build- 
ing, from the bottom of which wells simUar conductors 
should be carried up.' It is not on record whether these 
recommendations were adopted by the Government, but it 
seems likely that this was the case, as the fear of explosion 
of powder magazines through a stroke of lightning was very 
great at the time. Not long before, a magazine had been so 
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destroyed at Brescia, in Italy, with the appalling reault of a 
considerable part of the city being laid in ruins, burying 
many hundreds of persons. The destruction of the Brescia 
powder magazine, like all similar events, had, it is scarcely 
necessary to say, its due effect in spreading a desire for 
lightning conductors, fear doing what waa not effected by 
foresight. 

Whether or not the Enghsh Government made the wells 
recommended by Franklin for the Furfleet powder magazine, 
it is certain that the sound advice given was not largely 
followed. On the contrary, there grew a generally prevail- 
ing laxity in regard to the indispensableness of a good 
underground connection, which led to numerous accidents. 
They were seldom, however, ascribed to the right cause, 
others being sought instead — such as particular forms of 
conductors and the insufficient length of those phantoms 
called ' reception-rods,' which, as many thought, could never 
be made high enough, in order to ' draw the electric fluid ' 
from the clouds. Height was sought where nothing but 
depth was required, and the same unsightly rods, towering 
high above buildings, would have very effectually carried off 
the electric forces if brought from the top to the bottom of 
the conductor, being taken out of the air and stuck into the 
earth. Still, there were not wanting philosophical minds 
impressed with the truth that no Ughtning conductor can 
discharge ita functions unless rooted in moisture, and who 
not only knew it, but did their beat to spread this knowledge 
in all directions. One of these philosophers, a singular 
character in his way, was a German clergyman, the Rev. 
Dr. Hemmer, who Uved at Mannheim, on the Rhine, at the 
end of the last century. Taking the deepest interest in 
Franklin's great discovery, he made many experiments with 
lightning conductors, which brought him to the conviction 
that the electric force, in its chief tendency, seeks the mass 
of water on the globe, and that where this is not on the 
surface, it must be guided to it to become harmless. Con- 
sequently, he recommended to sink the conductor invariably 
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deep into the ground, so aa to reach water, and to subor- 
dinate everything else to this prime necessity. To make the 
use of lightning conductors as general as possible, Dr. 
Hemmer not only wrote a number of little books, which he 
liberally distributed, but travelled about through many parts 
of Germany, instigating the authorities to place conductors 
on all public buildings, and the people to set them up over 
their own houses. Holding that the earth connection was 
everything, he advocated simply to dig a hole in the ground 
till water or very moist earth was reached, and to stick a 
small iron bar, wrapped in lead to prevent rust, into it, 
running up the roof The bar any village blacksmith could 
forge, and the hole any man or boy could dig, thus making 
the absolute cost of the conductor under this arrangement 
very trifling. Dr. Hemmer was right, no doubt, in his main 
argument, and most successful in spreading the knowledge 
of hghtning conductors, while he was able to boast that not 
one of all the number he had set up had ever failed. How- 
ever, he lived in an age when as yet water and gas pipes 
were unknown, and iron, or any other metal, scarcely 
entered into the construction of buildings. Given a leaden 
roof and a network of metal tubes, and Dr. Hemmer's small 
iron rod could scarcely be expected to do its work of 
protection. 

Together with Dr. Hemmer in Germany, Professor 
Landriani, of Milan, drew attention to the paramount impor- 
tance of a perfect earth connection. He made it his special 
business to investigate cases in which buildings with light- 
ning conductors had been struck, and was able to show in 
nearly every instance that it had been for want of * good 
earth.' A very striking caae, which ought to have brought 
conviction of the truth to all investigators of the subject, 
occurred in Genoa in 1779. The church of St. Mary in 
this city, standing in a very elevated position, had been 
frequently struck by Ughtning, sometimes aa often as tmce 
in one year, and it was noticed that the electric force always 
followed precisely the same path, running along a certain 
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portion of masonry, partly secured by iron hoops, and finally 
demolishing a wall at the bottom to get into the earth. At 
last, in November 1778, a conductor, made of the most 
approved design, was placed over the church, but, to the 
great surprise of the scientific men who had superintended 
the work, the lightning fell once more upon the building in 
the month of July of the following year, ^ain following the 
old path it had constantly taken before, and causing abso- 
lutely the same damage as previously, even to the knocking 
out of certain portions of the wall nearest the ground. 
Naturally, the event caused widespread interest, leading to 
the closest examination of the church of St. Mary by several 
experts, among them Professor Landriani. He had no great 
trouble in discovering both the causes of the path of the 
lightning having always been the same when falling upon 
the church, and of the edifice having been struck again in 
the same manner when provided with a lightning conductor. 
Being a somewhat pecuUar structure, consisting in part of 
hewn stones held tc^ether with iron cramps, there was a 
large quantity of metal both in and outside ; and it was 
found that the path of the lightning had always been pre- 
cisely in the direction where the metal offered the greatest 
continuity, leaping over the short intervals that existed by 
destroying the stone, and finally getting into the ground to a 
place where there was always a collection of water by 
knocking down a wall. If this accounted satisfactorily for 
the former accidents, that which took place when a con- 
ductor had been placed was not much more diflScult of 
explanation. Professor Landriani found that though the 
conductor itself was very good, it was useless simply by 
having its roots in hard rock instead of moist ground. On 
the one side of St. Mary's Church there was a rill of water 
rippUng down from the hUls, and forming a smaU pool near 
the church, while on the other was the hard rock. It was 
into a crevice of the latter that the conductor had been laid, 
thus leaving the electric force to seek its old path into the 
water along the iron bars, which, although disjointed, formed 
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a fax better road to earth than the planned road. It was 
a convincing proof of the supreme necessity of a good earth 
connection. Still, a long time yet was to elapse before con- 
viction became general. 

Probably, the matter was more studied by Italian scientific 
men than any others, the study of electricity having always 
been a favourite pursuit in that country ; yet there, too, 
the matter was not understood tiU quite recently. This 
is proved by a letter of the celebrated astronomer and 
meteorologist, Father Secchi, addressed to the French 
scientific journal 'Les Mondes,' in October 1872, in which 
he tells the story of an accident that befel a building pro- 
tected by lightning conductors set up under his own direc- 
tion, the earth connection being made after rules laid down 
by Professor Matteucci, considered the leading authority on 
the subject. The letter of Father Secchi, though of some 
length, is given here entirely, both on account of the great 
fame of the writer, but recently deceased, and because it 
throws a flood of light on some of the most important points 
connected with the art of designing and applying hghtning 
conductors. 

' Eight years ago,' says Father Secchi, writing, as just 
mentioned, in 1872, ' some lightning conductors had been 
erected under my direction on the cathedral and on the 
Bishop's palace of Alatri, situated at the summit of the 
Acropolis of that town, which, by its elevated and solitary 
position, was exposed to frequent ravages from storms. 
It was not long ago that a flash of lightning demolished a 
great part of the belfry, and damaged the organ of the 
church. In the erection of this lightning conductor there 
arose a great difficulty proceeding from the nature of the 
soil, which at the depth of some centimetres turns out to 
be entirely of solid calcareous rock. 

' In order to remedy this defect, that part of the con- 
ductor which enters the- ground has been made very long, 
more than 4 metres [13 feet], and has been provided with 
a great many couples of points, 5 centimetres [2 inches] 
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broad, 5 millimetres [| inch] thick, indeotated on the edges, 
with the addition of a thick copper wire twisted among the 
same points, to help to multiply the points of contact be- 
tween the rod and the carbon. The foot of the hghtning 
conductor is entirely of copper. The rod is also of copper 
up to a metre [3| feet] above the ground ; and there is 
joined to it the iron conductor, in the ordinary receptacle 
made in the heart of the wall, to preserve it from disturb- 
ances of the inferior parts. The ditch into which the foot 
of the lightning conductor was sunk is 5 metres [16 ^ feet] 
long, and half-a-metre [1| feet] wide, and it was dug into 
the ground as far as to touch the roots of some neighbouring 
trees, from which point upwards a layer of cinders was 
placed, covering tlie greater part of the ditch. Thus the 
surface of contact between the metal and the carbon, and of 
the latter with the soil, was such that one would have sup- 
posed it to be more than suflScient, while the presence of 
trees, although they were not very large, nude it highly 
probable that the ground did always contain sufficient 
moisture. Moreover, as the edifice had two culminating 
points — namely, the belfry and the raised back portion of 
the choir — two rods were placed on them, each having an 
independent connection with the earth, so that, in the case 
of a discharge on one of the points, the electric force might 
find two ways in its course towards the earth. 

' These arrangements produced, on the whole, a good 
result, since, although the edifice was struck at least four 
times after conductors had been placed on it, it suffered no 
damage of any kind. Nevertheless a very curious accident, 
highly interesting as a scientific study, happened on 
October 2. Early on the morning of this day several flashes 
of lightning fell down from the clouds during a terrific 
storm, which lasted over two hours. The belfry was struck 
at first by weak discharges twice ; but the third flash was 
so appalling in its strength as to terrify the whole town 
below. The injuries it caused were not great, still they 
seemed to me to be extremely noteworthy. But before I 
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describe them I must give some necessary details as to place 
and position of the lightning conductor. 

' It 80 happened that four years after the erection of the 
conductor a line of pipes was laid down to carry water to 
the towns of Alatri and Ferentino, passing at a short distance 
from the belfry of the cathedral. The Ughtning conductor 
was not placed in communication with the pipes, because it 
seemed established, from previous experiments and observa- 
tions, that it was needless to do so, the ground containing 
apparently suflScient moisture, the head of the waterworks 
being close, and there existing abo a running fountain. I 
was not asked at the time whether it was necessary to 
establish this communication, but, had the question been 
put to me, I should probably have answered it in the nega- 
tive, considering, from what I then knew, the work as 
superfluous. That I was in error then aa to the necessities 
of a perfect underground connection is shown by what hap- 
pened during the great storm in the early morning of 
October 2. The heavy flash of lightning before referred to 
did not go its appointed path undei^round, but passed ofi" 
into the waterworks, with the following results : — 

' 1. It made in the earth a perfectly rectilinear excava- 
tion, which, from the lower part of the conductor, went to 
the tube of the waterworks running to Ferentino, and in 
traversing the wall destroyed the angle of that structure. 
The earth of the ditch thus dug was disposed regularly to 
right and left with great symmetry. The length of the 
ditch was about 10 metres, the depth about 70 centimetres 
[28 inches]. 

* 2. The lightning struck the water-pipe of Ferentino, 
broke it completely, throwing the pieces to a distance of 
about 80 centimetres [32 inches]. The lead which soldered 
the joint of the broken tube with the tube beyond was found 
melted. In consequence of this rupture the water ceased 
flowing to Ferentino, and poured into the waterworks. 

' 3. Another part of the discharge spread itself by the 
pipe which goes to Alatri, and traversing the reservoir 
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threw to a great distance some wooden plugs which stopped 
up the discharging tubes, the plugs being forcibly hammered 
in. It arrived at the town in a tank, where it damaged 
and twisted in a strange manner a leaden slab which was 
in the tank, made some other little injurieH, and finally 
left the trace of its passage at the spouts of the public 
fountain. 

* 4. The point of the lightning conductor waa examined, 
and it was found very blunt ; it was found impossible to 
unscrew it, and it could not be removed without breaking 
the screw. It was found broken to a length of more than 
3 centimetres [1^ inch], and the section of fusion was nearly 
flat, as though it had been cut. The gold of the gilding 
had nearly all disappeared. In the church, and in the 
edifice which is attached to it, no injury was detected. These 
facts appear to me important both as regards practice and 
theory : in respect to theory, because they give an idea of 
the quantity and of the immense force of the discharge. 
The melting of the point down to a section 1 centimetre 
[^ inch] in diameter proves that it would have been melted 
down much fiarther if it had been slighter. It is not prudent, 
then, to use very slender points ; it is best that they should 
thicken quickly. 

* The excavation of the ditch at the foot of the hghtning 
conductor could not be the direct eflect of electricity, but 
would be the result of the sudden evaporation of the 
moisture of the ground, generating steam, and forming, as 
it were, a mine. 

* The breaking of the tube is most singular. It seems to 
me that it can with difficulty be attributed to the mechanical 
shock of the electricity itself. As the lead which united the 
broken tube to the one beyond was found melted, it ia 
evident that, in spite of the water which flowed in this tube, 
it was raised to an enormous temperature in the place where 
it was struck, and probably it was the instantaneous evapora- 
tion of the water inside which caused the breaking of the 
tube. 
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' But the most singular fact, in a certain respect, is what 
was observed in the tube which descends to Alatri — that ia 
to say, the alteration in form of the leaden slab. The little 
interruption which necessarily exists in this tank between 
the conducting-pipe and the metallic receptacle evidently 
gave occaaioD for a discharge by a flash, and, in conse- 
quence, for an explosion of steam. But we see at the same 
time by that that the distance traversed in the tube from 
the building to the stab, a distance of more than 200 metres 
[650 feet], in which the pipe ia buried underground, did not 
suffice for the charge to lose itself in the ground, although 
during the passage it had to cross the reservoir, and might 
there have distributed itself. Our surprise ia still greater 
when we reflect that it was only part of the discharge, since 
the greater portion had to flow by the water-pipe of Feren- 
tino, which was the first struck in a direct manner, and that 
these pipes are joined together with lead. The quantity of 
electricity 'must have been enormous, in order to be able to 
have 30 much force and to run another 300 metres [975 
feet] to reach the public fountain, and leave ita traces there. 
A circumstance which deserves attention is, that this storm 
took place after a long and constant drought; and conse- 
quently the earth was less moist, and could offer little facihty 
for dispersion. 

' These cases are not so rare among us aa one might 
suppose. Not very long ago, at Lavinia, a flash of hghtning 
destroyed a great part of the belfry, passed to the bell, 
broke and melted it in its passage in such a manner that the 
metal had run away hke wax. I do not believe this breakage 
of the bell to have been a mechanical effect of the lightning 
in a rigorous sense, for the bell could have been broken by 
the instantaneous expansion produced by the heat at the 
point of the passage, an expansion which had had no time to 
disperse, as a glass vase breaks when touched with a red-hot 
iron. 

* Let these facts come about how they may, they enable 
us to see that it is necessary to devote great attention in the 
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erection of lightning conductora, that we must allow them a 
large surface for discharge, and that there can never be too 
much of it. The surface of the foot of our lightning con- 
ductor was certainly superior to what has been judged 
aufBcient by Matteucci for the discharges of telegraphic 
conductors, and yet it has not sufficed. Further, it is a 
confirmation of the necessity of making the neighbouring 
metallic masses communicate, and especially with water and 
gas-pipes,' 

From out of the almost endless number of cases in which 
lightning conductors failed for want of a good earth connec- 
tion, another one or two may be given, illustrated as having 
happened quite recently in England, and as such showing, 
in a very striking manner, in what a n^lected state the 
knowledge of the subject still is at this moment. A 
thunderstorm passed over the town of Clevedon, Somerset- 
shire, in the afternoon of March 15, 1876, and a flash of 
lightning fell upon the steeple of Christchurch, provided, as 
was generally thought, with a most efficient conductor of 
recent construction, made of good copper rope. What 
happened is graphically and minutely told in a letter 
addressed to the 'Journal of the Society of Telegraph 
Engineers,' by Mr. Eustace Buttor, of Lew'esfell, near 
Clevedon. 'There was but a single flash,' Mr. Buttor 
relates, ' which appeared to many observers to travel hori- 
zontally through the air. However, the lightning passed 
down the lightning conductor of Christchurch. The flag- 
staff", about 100 feet high, and the four pinnacles, about 
90 feet high, have each a conductor, the flag-staff" having the 
usual conical point, the pinnacles having the copper rope 
attached to their vanes. The five copper ropes unite inside 
the tower in the neighbourhood of the clock. Lower down 
the conductor passes through a slanting hole to the outside, 
and for the lowest 12 feet is encased in a pipe. On reaching 
the ground it passes into a dry freestone channel for about 
a dozen feet, and then dips down into the drain which 
carries rain-water frojn the roof. As no rain preceded or 
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accompanied the flash, it may be presumed that the drain was 
dry. 

' The protector is copper throughout, and, with the ex- 
ception of the termination, seems to have been carefully and 
efficiently phiced. The diameter 1 estimate to be half-inch, 
or it may be a trifle more. Just at the point where it leaves 
the pipe and enters the ground, the electric charge left it, 
dashed through three feet or more of solid wall supporting 
the tower, in order to reach tiie gas-meter inside, then it 
passed safely along the gas-pipe. The cavity made was con- 
siderable, but very irr^ular. I was unable to ascertain 
when the workmen were engaged in repturs, and therefore 
cannot give their estimate of the weight of stone displaced, 
hut it must have been many hundredweights, though only a 
few pounds were actually thrown out on to the path, or 
inside into the vault. A large quantity of stone was pul- 
verised, and the whole gave one the idea of the explosion of 
a charge of gunpowder under great compression. In a 
house about 100 yards from the church, the inmates felt 
the shock intensely, but did not know that the house had 
been touched. Some hours after, however, on going to turn 
on the gas, a hissing noise was heard, and a hole was found 
in the composition gas-pipe, about five-eighth inch diameter, 
just where the pipe passed within an inch of a water-pipe. 
The hghtning miist have come along the main from the 
church gas-pipe to this house, and then passed to the water- 
pipe as the readiest way to moist earth. The whole soil in 
the neighbourhood is mountain limestone, very dry. There 
is not the sUghtest evidence of displaced plaster, or any 
other sign of the passage of an electrical discharge through 
the house.' There need be httle comment on the facts 
stated in this letter, notable though they are. It is the old 
delusion that a hghtning conductor need be brought down 
underground only, and that then all is right. In this case, 
those who protected Christchurch, Clevedon, thought it 
quite sufficient to bring the conductor down into a drain- 
pipe carrying rain-water from the roof, without reflecting for 
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a moment that an earthenware drain-pipe would insulate the 
conductor from * earth.' A similar instance came under 
the writer's notice about a year ago. One of the pin- 
nacles of Oomer Church, in Norfolk, was struck by light- 
ning, although fitted with a conductor on one of the pin- 
nacles. On examination it was discovered that the earth 
terminal had been inserted into an earthenware drain. 

It is not very easy to give exact prescriptions as to the 
best manner in which the underground connection should be 
eflected. The means vary entirely with the circumstances, 
and the matter should in all cases be intrusted to an expert. 
Simple as is the whole theory of lightning protection, con- 
sisting in nothing else but laying a good metallic path from 
the top of a building down into moist earth, as an unfailing 
path for the electric force, the practical execution of it is 
not the less often very complicated. It is especially so as 
regards the most important of points, that of the under- 
ground connection. Of course, wherever there is running 
water at hand, a river, or even a tiny stream that never 
dries, the matter is easy enough, but as in the great majority 
of buildings to be protected such water does not exist, the 
solution of the question becomes more difficult, and fre- 
quently one of the greatest perplexity. It tends even to be 
more and more so in consequence of the progress of sanitary 
arrangements under which towns and villages are ' drwned * 
until the soil has been made as dry as a rock. Immense as 
the benefit is to pubhc health, it is, hke all benefits, attended 
by certain drawbacks. One of these certainly is a greater 
danger from Ughtning. It is often proposed by builders 
to use the drain-pipes themselves in making* good earth* 
for hghtning conductors, but the fallacy of this recom- 
mendation need scarcely be exposed, seeing that these 
conduits are generally made of earthenware, as happened 
when Christchurch, Clevedon, was struck by lightning. 

While broad rules cannot be Idd down, still it may be 
affirmed that a good earth connection, sufficient to carry off 
the heaven's electric discharges, may always be obtained by 
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either of two means. The fiirst, and in all cases most pre- 
ferable, is to lay the conductor deep enough into the ground 
to reach permanent moisture. When this exists in a con- 
siderable mass, the single conducting rope, touching it, will 
be quite sufficient; but when the quantity is deficient, or 
doubtfiil, it will certainly be advisable to spread out the rope, 




Rg. 1. Fig. 2. 

so as to run in various directions, similar to the root of a 
tree, likewise in search of moisture. There are various 
modes of accomplishing this, shown in figs. 1 and 2. 

A variety of methods have been proposed for the dis- 
persion of the electric force underground where the soil 
contains little or no moisture, except at great depths, to be 




reached only by a vast amount of labour and ex >enditure. 
In Prance, the system most generally adopted in vhese cases 
is to place at the bottom of the underground connection an 
apparatus, made either of iron or copper, shaped somewhat 
in the form of a harrow, and to embed it thickly in charcoal. 
Fig. 3 will illustrate this system of earth connection. 
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The apparatus w aa simple as it may be useful, and the 
more bo, of course, the thicker the mass of charcoal in -which 
it is embedded. But it may be doubted whether it is suffi- 
cient to make ' good earth ' under all circumstances. Perhaps 
it will do so in ninety-nine cases and fml in the hundredth. 
The amount of electric force discharged in ordinary thunder- 
storms does not seem to vary much, and, according to all 
observations, such an artificial connection as this of the 
charcoal bed is sufficient to disperse it safely beneath the 
BUrface. But now and then there come storms of extraor- 
' dinary violence, or, in other words, extraordinary accumula- 
tions of atmosphere electricity, which demand precautions 
such as are not fulfilled by the subterranean harrow, how- 
ever thickly embedded in charcoal, or, as oftener done, 
in gas coke or cinders. It is certain that there have 
been cases bx which buildings with otherwbe excellent con- 
ductors, but provided with such an artificial earth con- 
nection, have been damaged by lightning. However, it may 
be stated, as the net result of all observations and known 
facts upon the subject, that small private houses can be well 
protected by this means against hghtning, but that the 
system cannot be recommended as absolutely safe for large 
edifices and pubHc buildings. 

To protect any structure of great extent, it is absolutely 
necessary to bring the conductor, or conductors, deep 
enough into the earth to reach water. It is all the more indis- 
pensable with modem buildings, as they contain large masses 
of metal, not only in gas and water-pipes, but often in stair- 
cases and iron columns, towards which the electric force has 
the strongest tendency to direct itself unless drawn to the earth 
by an immediate and unfaihng connection with the great 
sheet of water below its surface. It is considered by German 
electricians that there is no necessity, if a large edifice has a 
number of conductors, to let each have a separate earth 
connection ; it is quite sufficient to bring them all into one, 
provided only that this is absolutely perfect at all seasons 
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and under all circumstances. Kg. 4 will show how this 
can be done. 

It will be seen that for the protection of thia edifice there 
are six conductors, with four elevated points marked A, B, c 
and c. Two of these points, a and c, expand from the roof 



to the ground into double conductors, so as to protect the 
sides of the building gainst possible lateral discharges of 
Ughtning, and all the six conductors meet a little below the 
surface in the earth connection prepared for them. To 
form this one connection, either by digging or boring, may 
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sometimes be costly, but whether the expenses be more or 
less, the protection against lightning thus effected will be so 
absolute as to be invaluable. 

In a similar manner as the large edifice, with its many 



Fig. 6. 

gables, a church may be fitted with lightning conductors. 
Fig. 5 scarcely needs much explanation. 

There is one thing, however, regarding churches, that must 
be well borne in mind in establishing their protection against 
lightning. Besides containing great masses of metal, in bells, 
organs, and other contents, they are frequently placed in 
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high situations, exposed to the most violent discharges of the 
electric force. It often happens also that they stand on 
rocky ground, with the subterranean waters far below the 
surface. To ensure absolute protection under these circum- 
stances, it is indispensable to counect the conductors with 
water, wherever it is to be found, by a solid channel, into 
which the copper rods may run, if possibly some distance 
below the surface of the earth. The form such a channel 
may take is indicated on the engraving. It will be seen that 
the protection against lightning indicated here is not only 
for the church, but the adjoining parsonage, the conductors 
spreading over both, with points on the most prominent and 
exposed places. It would be possible to carry out this 
principle in ensuring the protection of a whole block of 
private buildings. Oerraan electricians think that one 
channel or well, sufficiently broad, leading from the surface 
of the earth to layers always moist, or to perennial springs, 
would suffice to carry the electric force discharged upon a 
hundred conductors, and all the easier as it would be impos- 
sible that many would be struck at one and the same time 
by lightning. Perhaps some such arrangements will be made 
in the future, when both houses and towns are built upon a 
more systematic plan than is followed at the present time. 

If, as a rule, one channel of underground connection is 
amply sufficient for the protection of even the largest build- 
ings, there may be cases in which it is indispensable to 
spread the conductors into several directions. It may be 
Ifud down, broadly, that when there is water to be reached, 
the one channel is sufficient, but that when this is not 
possible, or expedient, more lines of underground connec- 
tion must be formed. Fig. 6 may serve to illustrate a 
case of the latter kind. It shows a powder-magazine, 
partly above and partly underground, standing on dry 
soil, with trees in the neighbourhood, hkely to add to the 
danger of atmospheric discharges of electricity, and with 
no stream, or permanent moisture, into which to guide 
them. Nothing remains, under these circumstances, to 
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ensure safety, but to multiply the lines of undei^round 
connection to the utmost extent. To add to the facility of 
the dispersion of the electric force, the main channels may 
be filled with charcoal, broken coke, or cinders, and if lai^e 
quantities of these substances can be placed in one or two 
pits, it is possible to make thus an artificial connection as 
nearly as can be responding to ' good earth.' Still, it must- 
never be forgotten that, absolutely, ' good earth ' in reference 
to lightning conductors means moisture, or water. 

If permanent moisture cannot be obt^ed and iron 



water-mains are within reach, it is desirable to connect the 
ground terminal with them by means of good solder, as from 
the large mass of metal they generally fona very good 
* earths.' 

In giving directions, or rather suggestions, about the 
design and application of conductors, and, what is most 
important in regard to them, their connection with the 
subterranean mass of waters, the idea that persons may 
construct their own conductors is left aside altogether as 
absurd. It is a good old proverb which says that a man 
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who is hia own lawyer is certain to lose his cause ; 
another has it that a man who is his own doctor is 
sure to succumb to his ilhieas. With regard to the setting- 
up of lightning conductors, it ta precisely the same. Simple 
enough as is the theory of ' drawing hghtning ' from the 
clouds, the practical execution of it is, as mentioned more 
than once, not a little compHcated. The formation of the 
underground connection, in particular, is a matter requiring 
very great, experience, and very frequently one of the 
utmost difficulty. Vast sums of money are often thrown 
away needlessly in making a connection which in the end 
proves useless, while, on the other hand, a triffing addition 
to the expenditure in setting-up a conductor would procure 
its efficiency, not attained simply from want of ' good earth.' 
A recent writer on lightning conductors whimsically, yet 
with much truth, expresses it by remarking that ' people 
spend money upon gilded points on the top of the house, 
while they ought rather to sink it in water at the bottom.' 
Undoubtedly, tiie efficiency of conductors Kes, even more 
than at the top, on ' the bottom.' The earth connection may 
be called ' the alpha and om^a ' of lightning protection. 
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CHAPTEE XVI 

INSPECTION OF UGUTNING CONDDCTOBS. 

Thbbb is one aubject in regard to the proper protection of 
buildings against the destructive effects of hghtning which 
is generally overlooked, at least in this country, to a really 
surprising degree. It ie the necessity that lightning con- 
ductors, once put up, should be regularly inspected, to nee 
if they are in good order, so as to be really efficacious. 
That this is very rarely done, is one of the main reasons why 
accidents by lightning sometimes occur in places nominally 
protected by conductors. The n^lect is the more astound- 
ing, as one would think that all intelligent persons, whose 
knowledge prompted them to see the wisdom of protec- 
tion agfunst lightning, would likewise come to the conclu- 
sion that the scientific apparatus set up to effect it required 
occasional repairs, such as the clocks in their houses and 
the buildings themselves. But such is very far from being 
the case. It is, perhaps, not too much to assert that at 
present not one in a thousand persons who have gone to 
the expense of protecting their houses by lightning con- 
ductors make the protection complete, at a merely nominal 
cost, by providing a regular — say, annual or bi-annual — 
inspection. 

The causes which necessitate such inspection are nume- 
rous. In the first instance, there is the constantly acting 
influence of wind and weather upon those parts of the con- 
ductor which are above earth. Wonderful as is the simple 
machinery devised by Franklin which conducts the myste- 
rious electric force from the clouds into the ground, depriv- 
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ing It of its deatructive power, it is, after all, but a* feeble 
thing in itself, and necessarily so. The upper terminal of 
tiie conductor — what the Germans call the 'reception rod,' 
and the French the ' tige,' or stem— cannot be very thick 
without becoming unsightly, and, as r^arda large public 
buildings, destroying their architectural effects ; while the 
rope, or ribbon, running to the ground must, for the 
same reason, as well as that of cost, be of comparatively 
small diameter. Subject to the constant effects of moisture, 
to wind, and ice, and hailstorm, there is always a possibility 
of the slender metal strips bdng damaged, so as to interrupt 
their continuity, and thus destroy the fi^ee passage of the 
electric force. Instances have happened in which the da- 
mage done was so slight as to be scarcely visible, and still 
sufficient to destroy the efficacy of the conductor. Nothing 
but the regular testing by a galvanometer — one of which is 
described, with an illustration, on p^e 60 — by an expe- 
rienced person can establish the fact that the action of the 
Qonductor remains perfect. 

A second important cause for inspection Ues in the 
necessity of always ascertaining with accuracy whether the 
earth connection is really in a faultless state. The immense 
significance of the earth connection — the basis, in more than 
one sense, of Ughtning protection — having been dwelt upon 
in the preceding chapter, it is only necessary here to state 
that, even if perfectly secured at the outset, it is liable to 
disarrangements. One not infrequent accident causing them 
is a change in the soil from moisture to dryness, which may 
be brought about either by altered drainage or long absence 
of rain. The dangers which threaten a break in the earth 
connection by altered or improved drainage are of the most 
serious kind, and likely to become more so fixtm year to 
year. Not only the soil of our towns and cities, but even 
that of our villages, and the fields themselves, is getting ever 
more honeycombed by drain-pipes, until almost every drop of 
moisture is sucked out of the ground. No doubt the pipes 
themselves may improve the earth connection, if of iron or 
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any other metal. But very irequently they are of earthen 
ware, in which case they are far more dangerous than useful, 
even if filled with water. To guard against the danger 
likely to arise from changes in the drainage, it would be 
wise to have a thorough examination, by means of the test 
galvanometer, of all lightning conductors near to or afiected 
by alterations in the drains, whenever completed. The same 
recommendation may be made as regards cases where the 
soil has become unusually dry after a long absence of rain. 
Few persons, except those who have made a study of the 
subject, can form an idea to what depth such dryness often 
extends, more especially in sandy and gravelly soils. 

There is a third ground, as material for consideration as 
each of the two preceding ones, upon whidb the regular 
inspection of lightning conductors must be strongly urged. 
It is, that constant alterations in the interior of buildings, 
private residences as well as public edifices, may serve to 
destroy the efficacy of a conductor which was originally good, 
even to perfection. Thus a roof may be repaired, and lead 
or iron introduced where it was not before ; or clamps of 
iron may be inserted in the walls of houses, to give them 
greater strength ; or, in fact, any changes may be made 
which bring masses of metal more or less in proximity to 
the conductor. Under such circumstances, the efficacy of 
the conductor is destroyed just in proportion as the metal 
forms a better path for the dispersion of the electric force 
than the one artificially prepared. Iliere are hundreds 
of instances to prove that changes made in buildings, such 
as the addition of a leaden roof without, or the iron balus- 
trade of a staircase within, diverted the current of the 
electric force from the conductor on its way to the earth, 
originally well provided for. In one rather curious case, 
which happened at Lyons not many years ago, even an 
alteration of the fixtures of a house proved destructive to 
the efficacy of a conductor, perfect at the outset, the latter 
fact being shown in that it had previously received a stroke 
of lightning and brought it harmlessly to earth. The case was 
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that of a banker possessed of the piece of fixmiture indis- 
pensable to his profession, namely, a large iron safe. It stood 
at first near an inner wall, in the centre of the house ; but 
wishing to add to its strength in resisting the attack of 
burglars, the banker had it embedded partly in another 
wall adjoining that on the outside, near a place where the 
masonry was held tc^ether by some large iron clamps. 
In delightful ignorance of the effect of this removal of his 
safe inside the house upon the lightning conductor out- 
side — an ignorance which would have been the same, pro- 
bably, among 999 persons out of 1,000 — the banker sat 
■quietly down to dinner with his family one day in July, 
■when a terrific shock made the whole house tremble to its 
foundations, upsetting furniture and breaking glasses. The 
idea of an earthquake naturally came up at once; butwben 
looking out of the window (shivered to pieces) the banker 
was told by a crowd assembled outside that there had been 
no earthquake, but that his house had simply been struck 
by lightning, as it had been before. But while previously 
the electric force had passed silently into the ground, un- 
known even to the inmates of the house, and its passage 
verified only by the accidental observation of a neighbour- 
ing meteorologist, it had this time left its appointed path, 
seeking a new road more strongly attractive. The lightning 
had found its way into the banker's safe, filled with gold. Once 
inside, the electric current, not finding a farther outlet, had 
expended its force in shattering the waUs and making the 
house tremble, besides melting some gold and burning bank- 
notes. The investigation of the case at the time made some 
noise, but it had one most useful result — it led to the insti- 
tution of a new office in connection with the Department of 
Public Architecture of the city of Lyons, that of an inspector 
of lightning conductors. He was charged to examine at 
stated intervals, or as often as circumstances seemed to 
require it, the conductors applied to all the public buildings 
of the city, to ascertain their efficacy, and, if not deeming 
them in good condition, to eflect all necessary repairs. Shall 
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we repeat, agtun and again, * They manage things better in 
France'? 

The r^ular inspection of lightning conductors, as yet 
unknown or all but unknown in England, hati been for a 
long time in practice in several States of Continental Europe, 
among them Germany and France. The origin of such in- 
spection may be traced to Northern Germany. It has been 
mentioned before (Chap. XV., page 43) that the first light- 
ning conductor set up over a public building in Europe was 
erected on the steeple of the Church of St. Jacob, Hamburg, 
and that the extension of conductors in the city and neigh- 
bourhood was so rapid, that before five years had gone by 
there were over seven hundred conductors. *To this day 
they are comparatively more numerous in this district than 
anywhere else in Europe.' To this day, too, the scientific 
aspect of the question of lightning protection, and the sta- 
tistics connected with it, are more appreciated here, and 
have been more closely investigated, than in any other part 
of Europe. In recent years, this has been more particularly 
the case in the territories to the north of the city of Ham- 
bui^, the German province of Schleswig-Holstein. Not even 
in the country of their origin, and the one which, as yet, 
has the greatest number of them in use, have the ' Franklin 
rods ' given rise to so much serious study as in that part of 
Germany. 

Thunderstorms are more numerous, on the average, in 
Schleswig-Holstein than in any other part of Central and 
Northern Europe — due, probably, to the fact of the province 
not only being a narrow peninsula, with the Baltic on the 
east, and the German Ocean on the west, but intersected by 
rivers and canals, producing a generally moist atmosphere. 
Almost all public edifices in the province, and the great 
majority of private buildings above the rank of mere cot- 
tages, are protected by lightning conductors ; and to aid in 
their extension there are special laws under which dam^es 
by lightning are not made good, except to a limited extent, 
by fire insurance companies, unless it is proved that the 
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edifices struck had been provided previously with eificient 
conductors. These laws gave rise to a curious investiga- 
tion some three or four years ago. It was found that the 
principal fire insurance office — an institution under the 
patronage of the Government, called the 'Landesbrandkasse,' 
or * County Fire Insurance Office ' — ^had been called upon a 
number of times to pay for dami^e caused by lightning 
in cases where the buildings were provided with lightning 
conductors of the best kind, in apparently perfect cooditioii. 
Though the cases were very few indeed — namely, but four 
out of 652 claims for damages from Hghtning which had 
been made in the course of eight years — still, the interest 
taken in the subject was so great, that the managers of 
the institution appointed a special commissioner to inquire 
thoroughly into the matter as to how it could happen that 
buildings provided with proper conductors could ever be 
struck by hghtning. The gentleman chosen to undertake 
this task was Dr. W. Holtz, of Greifewald, well known as 
having given much time to the study of the phenomena of 
electricity, as well as the construction of lightning conductors. 
Dr. Holtz in due course made his report, which was after- 
wards pubhshed in a scientific journal called * Nachrichten 
des Naturwiflsenscbaftlichen Tereins flir Neuvorpommern 
und EUgen,' being the organ of a society under the latter 
title. The report — which must be completely unknown in 
this country — is full of interest, and well deserves being 
extracted from in several notable particulars. 

Dr. Holtz begins his report by referring to the weU- 
known fact, afready dwelt upon, Ihat in some instances 
hghtning conductors have got into disrepute because houses 
provided with them have been struck and damaged. ' Un- 
happily,' he says, 'there are still at the present moment 
many persons who question the utility of conductors, simply 
because it happens now and then, that lightning, apparently 
in entire disregard of them, falls upon dwellings. These 
persons completely overlook two facts, namely : first, that such 
cases are excessively rare ; and, secondly, what is iar more 
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important and more to the point, that it is beyond dispute 
that whenever buildings nominally provided with conduc- 
tors are struck by lightning, these conductors are not in an 
efficient state. Such buildings are absolutely in the same 
condition as if they bad no conductors at all.' Br. Holtz 
then goes on to speak of his journey of inspection to inquire 
into the causes of failure, or so-called failure, of lightning 
conductors. He aays that, having examined a vast number 
of conductors, he found that in a good many instances 
real use bad been sacrificed to ornament. He expresses 
this somewhat quaintly, in scientific style, apparently with 
the intention of not giving offence to anybody — not even to 
manufacturers of lightning conductors. ' It was found by 
me,' Dr. Holtz states, 'that the unreal was frequently placed 
above the real, and that many hghtning conductors, al- 
though very costly in the first instance, afforded no certain 
protection.' The meaning of this clearly is, that too much 
attention is given to the upper part of conductors, especially 
the pointed top — frequently covered with needless gilding — 
and far too httle to the part underground, forming the all- 
important earth connection. It is a criticism true for other 
countries besides Germany. 

Among the many interesting remarks of Dr^ Holtz, 
evidently based on a thorough knowledge of the subject 
which he treats, are some good ones about the necessity of 
constructing Ughtning conductors, not slavishly after old 
models, but in conformity with modern requirements, care- 
fully considering the nature of the buildings to be protected 
and their materials. ' The increase of metals,' he says, * in 
the construction of houses, both inside and outwardly, is 
assuming larger proportions from year to year. An absolute 
consequence of it is, that the electric force called lightning 
is tempted, far more than was the case in older dwellings, 
not to go to the conductor at ail, or, if attracted to it, to 
leave the path afterwards, seeking other attractions. I 
found this to have been the case, in the course of my inves- 
tigations, in several instances, two of them notable ones. 
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The first was that of the public school of the town of 
Elmshorm, struck by lightniiig away from the conductor ; 
and the second that of the church of St. Lawrence, in the 
town of Itzehoe, where the conductor was struck at first, 
but the lightning deviated subsequently from its metal path. 
In both cases I found that the non-efficacy of the conductor 
was caused by a number of gas-pipes. But there are many 
other metallic masses besides gas-pipes which interfere thus 
with the proper action of Hghtning conductors More or 
less, all metals do so, especially those which lead to the 
ground, or are in contact with moisture. Water-pipes will 
attract the electric force even more than gas-pipes, and like- 
wise the metal tubes which carry the rain from the roof into 
the ground. But it may also happen that mere ornaments 
on the roof, more particularly if of thick metal, and carried 
all along the top and sides, may divert the electric force 
from the conductor, although they have no connection what- 
ever with the ground. Even the many wires outside and 
inside houses, for bells and other purposes, may do mischief. 
There cab be no doubt whatever that the large increase of 
the use of metals in the construction and ornamentation of 
modern houses has led to far greater danger to which they 
are exposed from lightning. At the same time there is 
equally little doubt that aU this increased danger may be 
absolutely guarded gainst by the setting up of lightning 
conductors by competent persons, carefully designed to meet 
all cases.' Dr. Holtz adds, further on, that one most im- 
portant element of protection to be obtained from conductors 
consists in the regular testing of them, without which, in- 
deed, there can be no permanent security. 

What the writer says on the inspection of conductors 
is particiUarly worth quoting. 'A hghtning conductor,' he 
remarks, ' however excellent in the first instance, may lose 
all its good qualities, for several reasons. In the first in- 
stance it may sufier, like aU mundane things, from age. 
The decrepitude will come on all the sooner whenever the 
materials are not of the best kind, or whenever little care 
Q 
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has been taken in properly connecting the various parta. 
Tliis ia frequently the case in conductors of old design. But, 
even if all has been done that scientific skill can accomplish, 
age will make itself felt some time or other. Oxidation 
will play its part; so will the warfare of the elements. How- 
ever safely secured at first, the attachment of the parts to 
the buildings will get loose, or perhaps even broken. Repairs 
consequently become indispensable. When are they to be 
effected P It can only be indicated by testing the conductor 
from time to time.' Dr. Holtz next dwells at some length 
on the necessity of conductors being designed by thoroughly 
competent persons ; not mere ' lightning rod men,' who are 
able to take into account all the particulars of the building 
which is to be protected, more especially the metal employed 
in the construction. ' A conductor,' he truly remarks, ' can- 
not be expected to be a trustworthy protection gainst 
the destructive force of lightning, if simply set up over a 
house without consideration of its outer and inner features. 
Perhaps in buildings of olden times, into the construction of 
which metals seldom or never entered, a simple wire run- 
nit^ from top to bottom, surmounted by an iron rod, was 
quite suflScient, but this is no longer the case, all the cir- 
cumstances having been completely altered. The wire, 
however thin, was not merely the best, but the only path' 
for the electric force. But at present the masses of metal 
used in the construction of buildings constitute a number of 
rival paths, and it requires very careful consideration indeed 
to lay down an absolutely infallible lightning conductor in 
such a way as to overcome all influences opposing its action. 
Therefore conductors of old construction can not only not 
be expected to be efficacious under modem exigencies, but 
even those made at the present time cannot be expected to 
be efficient under circumstances which, probably, the future 
may bring forth. There is really nothing else to make a 
lightning conductor a safe protection under all circum- 
stances, and at all times, but regular, constant, and skilful 
examination.' 
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To the three great causes before indicated which make 
the r^ular testing of conductors an almost imperative 
necessity, several minor ones may be added. Among them 
may be cited the frequency of repairs of the walls and roofs 
of houses. Our modem houses, as we all know, are not 
built, like those of the Eomans, ' for an eternity,' but in the 
vast majority, particularly in towns, are 'leaseholds for 
ninety-nine years.' Many of them, perhaps, can scarcely be 
expected to last ninety-nine years, being constructed by 
tlieir builders on the principle of Peter Pindar's razors, 
' not to shave, but to sell.' Hence the absolute necessity of 
repairs without end. Without casting the least slur upon 
the character of the artisans who execute these, bricklayers, 
plasterers, painters, plumbers, and others, it may be fairly 
asserted that they are densely ignorant as to the nature of 
lightning conductors. It is not at all a wonder that this 
should be so, since they share their ignorance with many 
persons of far higher education, who know no more of the 
action of the electric force in seeking its way from the 
clouds into moist earth than they do of that of a voltaic 
apparatus, or of a condensing steam-engine. These artisans, 
then, in whose hands the repairs of houses are left, naturally 
treat the narrow atrip of metal running from the top of 
houses to the bottom with great indifference, not having the 
slightest idea of its being one of the most marvellous con- 
ceptions of the human mind. It has been reported, on good 
authority, that there are frequently workmen to be found, 
such as house painters and others, whose business it is to 
* decorate ' the outside of dwellings with the stuff called 
' stucco,' who feel a sort of mild hatred for lightning 
conductors, as interfering with their achievements, and, as 
they think, disfiguring the beauties which they are creating. 
Woe to the poor conductor within their reach ! Unless very 
conspicuously placed, which is rarely the case, the tenant of 
a house will seldom discover in time that the slender rope, 
or ribbon, which gives him and his family protection against 
lightning has been broken by cunning hands when the last 
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repairs were effected, and the ends stowed away in the 
gutter on the roof. The discovery will be made, in the 
absence of inspection, probably, only under the fierce light 
of a flash of lightning irom a passing thunderstorm. 

If in towns the ever increasing accumulation of gas, of 
water, and of drainage pipes constitutes a danger against the 
efficacy of lightning conductors — to be guarded against only by 
frequent testing — there is another source of danger arising in 
the country. It is in the planting of new trees and the growth 
of old ones which is constantly going on in the vicinity of 
the thousands of country houses and mansions with which 
Great Britain is dotted from one end to the other, more than 
any other country in the world. The fact has already been 
dwelt upon, that trees are more liable to be struck by 
lightning than any other natural objects, the reason of it 
being unknown, except in the very probable surmise that 
the moisture in them forma the natural cause why the 
electric force seeks its path through them to the earth. 
Whatever the cause or causes, there can be no doubt 
that trees are incessantly struck by lightning, and that 
they are the more exposed to be struck the higher they 
are and the wider the extent of their branches. Con- 
sequently, wherever trees are being planted, or growing up 
around houses, the greatest care should be taken in design- 
ing lightning conductors, so as to provide against the action 
^ercised by them in juxtaposition to the electric force. 
Thus, if trees, originally small, should reach to such a 
height above dwellings as to make it possible that a stroke 
of lightning wiU fall upon them, in preference to the con- 
ductor, the arrangements for protection will have to be 
altered, so as to ensure the safety of the house nearest these 
particular trees. Again, if, as often happens, there are new 
trees planted near a building the side of which has no pro- 
tection whatever, such as a greenhouse or conservatory, the 
conductor should be extended in this direction. In connec- 
tion with trees, mention must be made of wells and fountains, 
as possible dangers to the proper action of lightning con- 
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ductors. Many a disaster has been caused by newly-made 
wells to dwellings which were previously well protected by 
conductors. The only safeguard against danger arising 
from these and numerous other causes, which it would be 
tedious to specify, lies in careful, constant inspection and 
testing of conductors. 

It is lamentable to think that while the regular inspection 
of hghtning conductors has been admitted long ago to be a 
necessity in many countries on the Continent of Europe, we 
as yet have taken no steps whatever to realise it. There is, 
probably, not a single public buUding in England which has 
conductors systematically tested from time to time. While 
there are tens of thousands of edifices, private and public, 
that are entirely without protection against lightning, there 
are many thousands of others which, nominally protected, 
are in reality in the same position. They have conductors, 
but it i« impossible to say whether they would be efficacious 
were a more than usually heavy stroke of lightning to fall 
upon them. The inmates of such dwellings live in fancied 
security, which is the more to be deplored, as it would be so 
easy to make it real. All that is required is a knowledge 
of the subject. With the growth of such knowledge it is 
certain that the inspection of conductors will become 
genera!, with the good eflect, above all others, of setting at 
rest all doubts as to the infallible security they afibrd, if 
properly constructed and maintained, against damage from 
hghtning. 
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J. H. WiKXLflR. VoD der Starke der elektriflchen Kraft dea Wbmmb in 
glaaemen Rohreo. 8to. Leipzig. 

1747. Maffet. Delia Fonnaaoije dei Fulmim. 4to. Verona. 

Wk. Watsor. On the Velocity of Electricitj. Phil. Trans, xlv. 48. 

1748. Wx. Watbok. Of the Experimeata made hj some Oentlemen of the 

Royal Society to measnra the absolute Velocity of Electridt;. 
Phil. Tnni. xlv. 491. 

1749. AsBfc NoLLBi. Rechecchee but lee Causes partjcaliires des Phdnomdnes 

dectriques. fivo. Paris. 

1750. Babbbket. Dissertation surle Rapport qui exiitoentrelesPh&iomlDes de 

ToDDene et ceux de I'Electridt^. 4to. Bordeaux. 
I7fil. B. FBuncLnr. Experiments and ObeerratJoos in Electiicity, made at 

Philadelphia, in America. 8to. London. 
B. Fbahkuh. Concerning the Effects of lightning, Phil. Trans, xlrii. 

289. 
Babbbbbt. DiscouTH, qui a remportd le Prix de Phymque, au jugement da 

I'Acad. de Bordeaux, en 17fiO : S*il y a quelquee rapports entre les 

Ph^nombnes da Tonnene et ceox de I'Electricit^. 4to. Bordeaux. 
A. G. EABtHKR. Nachricht tod Mser beeooderen leucbtenden Erscheinung, 

80 auf dnem Thiume su Nordhauaen geaehen wordeii. Hamburger 

Magaiin. vii. 430, 
17fiS. Abb£ IdAZXAS. On the Analogy of Lightning and Electricity. Phil. 

Trans, xlnt. 6S4. 
B Fbarxlik. On the Electrical Kite. Phil. Trans. xlviL 665. 
H. ESLES. On the Cause of Thunder. Phil. Trans. xItu. fiS4. 
A. Q. EAsthbb. Nachricht Toneinem besonderen Lichte. Hamb. Msgaz. 

il.S69. 
J. O. Ebdll. Verauche sor Bestatigung der Munnng, dass die elektrisehe 

Materie mit der Uaterie des Donnere und Blitzes sine grooe Aehnlich- 

keit habe. Hannover : Oelehrte Anzeigen Tom J. 1 7K). 
Lb Momhier. Obeerrations but I'Electricitd de I'Air. ii6m de math, et de 

phys. de I'Aoid. R, d. Sc. de Paris, A. 1762, p. 233. Paiis. 

Biblioth. d. Sc. et d. Beaux Arts. vi. 38, 
Ch. Hilidb. Extract of a Letter from Hr. Mylius, of Berlin, to lb. 

W. Watson, On extracting Electricity from the Clouds. PhiL Trans. 

xln.M9, 
Ch. MTLice. Nachrichten und Oedanken Ton detElektridtftt desDonnert. 

Phynh. BelnstiguDgen. 8to. p. 457. Berlin, 1762. 
Abb£ Nollei. Extracte of two Letters of the Ahbd NoUet to Ur. W . 

Watson, On extracting Electricity from the Clouds. PliiL Trans. xlTii. 

663. 
W. Waibob. Concerning the Electrical Experiments in England upon 

Tbunder-Clouds. Phil. Trans, ilvii. 667. 
1753. P. A. BiRA. Elektr. Verauche, Gewitler und R^en betreOend. Ham- 
burger Magaz. xii. 67. 
J. BrasBH. Versuch, wie die Meteors dea Donners UDd Blitiaa, dea 
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An&teigens der Dunata, incl. dee Nordscheins, bub elektr. Verauohen. 

beiznleiteD und >u erklftren. 8to. Lemgo. 
1753. O. Becoabia. Dell' Elettricismo BTtifiiiale e natural^. 4to. Torino, 1753. 
W. Wiraos. On NoUet?8 Electricity. Phil. Tmob. ilviii. 201. 
M. Mazbu. Electricity of the Air. Phil. Trana. xlviii. 377. 
M. LoMONOBOW. Onlio de Meteoria ri electrica ortis, halnta 1753 

4to. Petrop. 
Gh. Rabi4USA?. Le SpectMle de U Nature du Feu ^dmentaiie, ou conn 

d'ElectriciU eip^rimentKle, oh I'on trouve 1 'explication, la oauM et le 

mechanisme du feu dans son origine, de U dans ls8 corps, bod actioa but 

Ja bougie, BUT le bois, etc. etc. 8to. Parii. 
' B RoKAs. Neuer elektr. Versach mit dem fliegenden Drachen am 14. 

Sat. 1763. Journ. d. Sav. Dec 1763. 
J. Q. Tbkkn'b Abhandlung von demNutzen derElectricitat in Abwendong 

dee Ungewittere. Wochentl. Eonigsb. Frag, und Am. Nachr. No. 20 

des J. 1763, 
Lettre au B. P. J. bui une Experience dlectrique. Joum. d. 8c. 1763. 241. 
J. H. WnrKLKBI de avertendi Fulminia Ardficio secundum Ellectridtatii 

doctrinam Oommentatio. 4to. Lips. 
1764. J. P. Ebbrhabd's Oedanken toq den Ursachen del Qewitter und ihrei 

Aebnlicbkeit nut der Elektricitat. No. 31-33. Wocb. Hall. Aniog. 

Tom J. 1764. 
£. H. Fait. ObeerrationB coaceming the Thunder and Electrici^. 

Eaeays and Obeervations phyrical and chemical literary, read before « 

Society in Edinburgh. 169. Edinburgh. 
J. LmNa. Extract of a Letter from J. Lining of CharleBtown, in South 

Carolina, to Oharl. Knckney in London, with his Answere to several 

Queries sent to him, concerning hiB Experiment in dectridty with a 

Kite. Phil. Tranj. xlriii. 767. 
B. Fbamklin. New Experiments and Obserratioas. London. 
1756. T. Makini de Electricitate ccelesti, aive, ut alii focant, uatunli, Di»- 

sertatio. Commentar. de Bononiemd Scientiar. et Ardum Instituto atqua 

Academio, p. 206. Bonon. 
De Romas. Hdmoirea, oii apr^ avoir donn^ ua moyen ubA pour Clever 

fort hnut, et ft peu de fnie, un corps electrisable isold, on rapporte des 

Observations ftappantes, qui prouvent,que plus le eorpa ieolf est 41eri 

au-deesuB de la terre, plus le feu de l'£lectrici(4 est abondont. Mem. 

de Math, et de Phye. {u^. k I'Acad. i Paris, p. 303. 
Lb Roi. M^mcnie but I'Electricit^ r^ineuse, oil Ton montre qu'elle est 

rfeUement distincte de I'Electriclt^ vitrfc, comme feu Mr. du Fay I'avdt 

Bvancd, et qu'elle nous foumit de nouvellee lumtgree but les causes de 

ITaectridte naturelle et du Tonoerre. MSm. de Paris pour 1765, p. 

264. Paris. 
J. Vebattt. Dissert, de Electridtate ccelesti Comm. de Bononiensi 

Scientiar. et Artium Instituto atque Acad. p. 200. Bologna, 
J. Vehatti. Nachricht von einem elektrischen Versuche mit dem 

Gewitt«r. Hamburger Magazin, iv. 602. 

1766. E. M. Fait. Baobachtungen vom Donner und der Elekttidtat Aub d. 

Engl, in Edinb. neuen VerBuche und Bemerk. aus der ArzDeykunBt 
und iibrigen Gelebrs. i. 217. Altenburg. 
Db Roxab, FUectrical Experiments made with a Paper Kit« raised to a 
yery contdderable height in the Air. Qentlemau'e Magazine for Aug, 
1766, 378. 

1767. H. BiTTSGHAirT, Dissert, de Fulgure et Tocitru ex pluenom«nis electris. 

4to. QotUng. 
Tb. Uabihi. Abhandlung von der himmliechen, oder wie Anders eia 
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nennen, oatiiilicheii Elektricitat. Allgem. Magti. de Nat Kuiut and 
WiKBenechaft. ix. 268. Leipzig. 

1767. Jno. Shutoh. Effwtsof Loghtning on & St«eple. Phil. Tnns. 1. 19a 
Db RoiciB. Letter from M. d« Rotnas to the AhbS Nollet, cooUuniiig 

ExperimeDts made with ad Electrical Kite. Gentlam. Hagai. lOD. 

March 1764. 
J. VsaiTn. Abhandlung tod der himmlitchaii Elektritntat. Aus. d. Lat. 

im Allg. Hagoi. der Nat, Kunet u. Wiaaeiuch. ix. Sfll. Leipzig. 
WiLEX. Dissertatio de Electridtatibus cootrariie. 4to. RoBtock. 
J. B. Rbccaria. Brief von der Elektricitat an den Hra. Abt Nollet 

gerichtet. Aus d. Frant. im Hamb. Mag. xviii. :J78. 

1768. Db Romas. Elektrischer Verauch mit einem sehr hoch in die Loft geetie- 

genen PapieroeD DrsclteD. Aus dem Frani. im Brem, Magai. tii. 114. 

Hannover. 
B. Fhankijf'b Briefe Ton der Eleclricitet. Aub d. Engl, too 0. Wilke. 

Leipzig. 
O. BxccARU. Lett«re dell' Elettricimo. 4ta. Bologna. 
I7fi9. J. A. Ukzxb's Abbandlung vom Verhalten bei Gewittern, und von den 

Mitteln, die Qewitter, eta sie noch reif weiden, in Ternichten, odar 

irenigalena von eioer Peraon und eiuem Hauae abxuleiten. Median. 

Wochenschrift (der Arzt), i. 267. Hamburg. 
J. 0. WiLKB. Von den Venuchen mit den eisemen Stangen, den Donnsi- 

Bchlsg abzuwenden, nnd dem dabei beobachteten Meilnviiidigsten. 

Abh. d. k. schwed. Akad. d. Wigs., deutadiB Uebera. aua d. J. 17fi8. 
xxi.81. 
IIaktmahb. Von del VerwandtBchafl und Aehnlichkeit der elektriachen 

Kraft mit den erecbrecklichen Lufteiecheinungen. 6vo. Hannover. 

1760. Bakbebst. Alihandlung von der Aehnlichkeit, die aich zwischen den 

Eracheinungea bei dem Sonoer und der Elektricitat fiodet, etc etc. 
(PreiBschrift). Aub d. Frani. im 1. St des gemeinnuti. Natu> und 
Kunst- Magai. 1. Berl. 
J. LiHisa. EHektriscbe Vetaitche mit einam Papientea Diachen. Aub d. 
Engl, im Hamburger Mages, xxiv. 588. 

1761. M. BuTBCHAHT. Der nitz enteteht nicht diuch die Entiiindong einiger 
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Feuer, Aus d. Lat. im 48. und 49. St. der Hannover. Baitr. e. Nutien 
und Vargo. V. J. 1761. 

1762. W. Watbob. Some SuggeationB canceming the preventing the miBcbieb 
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Ui. 620. 
Psr. TOH McsscEBRBBOBK. Introductlo ad Fhilosophiam naturalem. T. ii. 
Lugd. Bat. 4. 

1763. J. F. Habtuabn. Qedanken iiberden Ursprung der Luftelektridtat bu 

Gewittern. Im 56. und 66. St, dea L Jahrg. des Hannover. Magai. 
V. J. 1763. 

1764. T. Bbbsvahh. Tal om mojelighetan at foraxomma fiskaos skadeliga 

werkningar. 4to. Stockholm. 
Method of preserving Buildings from Lightning. GentlenL Mag. June 
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WiLBOH. Consideratioas to prevent Lightning from doing mischief to 
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Watbof. Some suggestions concerning IJghtning-Storms. Phil. Trana. 

Uv. 204. 
Mbnasstbs. Elektr. Entladungen an Msstbsumen. Mem. d. I'Acad. R. 

d. Sc. an 1764, p. 408. 
NoLLBi. MSmoiia sur lea eSeta du Tonnerre compares A ceux da I'Electr., 
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av«c qnelqDM coDuddratioiifl sur le* moyeDs de se garantir dea premieis. 

Him. de I'Acod. 1764. 
1704. W. HzBiBSER. On the Effecbi of Lightning. Phil. Tniui. Ut. 108. 
T. Lawbbnce. Efiecta of Lightning. Phil. TiHca. liv. 236. 
Ed. Dblatal. On the Effects of Lightning on St. Bride's Oburcli. Phil. 

Tnms. liv. 327. 

1766. Vorechlag, wia man Haiuer ror dem Blitze bewahren kiinne. Aua d. 

Oentlem. Mag. 1764 iihen. im Brem. Magaz. rii. COS. 
1706. DaUbamd. Hieloire afardgte de I'ElectriciU. 8to. Puie. 

PoNCELsr. La Nature dtuu 1& formation du Tonnene. 8to. Paris. 

1767. B. Fkinkuk. Sut h Tonnem et sur la M^tbode qae Ton emploje com- 

muD^ment aujourd'hui en Amdrique pour gaxantir lea hommeB et lea 

Utimens de ses eSets d^sastraux. Oeurres i. p. 260. Paris. 
LuiD. HuBon dMpreuve du petit Tooneire. Oeuvrea de Franklin, i. 

302. 
J. Pbibstlkt. The Historj and Present State of Electricity, with original 

Experiments. 4to. London. 

1768. T. BsBSiLurii. Von der Moglichkeit, den echadlichen Wirkungen der 

Gewitter Torzubeugen. Aua d. Scbwed. im Sohwed. Magaz. i. 30, 

iibere. t. 0. Webor. Copenhagen. 
J. 0. LosKB. Ehre Ootte« aus der Betrachtung ds9 Hirameb und der 

Erde. 8vo. Bd. t. Niirnberg. 
P. DiTiBCH. Langst verlangte Thaorie ron der meteorologischen Elektri- 

citat. evo. Frankfurt. 
D. RoBEBT. Vondem &bfluss der elektrischen Materia aua den Wolken in 

die Olocken. 233. Alton, gel. Merc. a. d. J. 1768. 
1760. J. A. H. Rbduhtib. Die Ursache dag Einachlagens vom Blitze, nebat 

deasan natiiTlichen Abwendung Ton unseran Gabduden, aua zurerlasugen 

Erfahrungen TOr Augen galegt. 8ro. Hamburg, 1768. Langepgaba. 
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B. Fbakxun. Experiments and ObeerTationa on Electricit}', £c, &c. 4to. 
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D. J. 6. EBtTHire. Von der natiirlichen oder bimmlichen Elaktriutdt : 

litoratur. Veraeicbn. d. toui. SchriAen,etc. etc. 8to. 129, Leip3%. 
NoLLBi. Vergleichung der Wirkungen dm Donners mit dan Wirkungen 

der Elektricitat, nebst einigen Betrachtungen iiber die Mitt«l sieh Tor 

dem Elrateren zu bewahren. Aus dem Fianz. 8to. Prag. 
Royal Sodety. To secure St Paul's from Lightning. Phil. Trans, lix. 

leo. 
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de Par. 1770. 63. Electric, de MStdorea, i. 228. 
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Modena. 

1771. J. F. AcEBBKAKK. Programma, quo morbus et eectio fulmine Duper 

adusti enarratur. 4to. Eilte. 
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Breelau. 
Savbsitbb. Maoifeata ou EipouHon abr^gfe da I'utlliti dee Couducteura 

Electriquea. 8vo. Qenlve. 
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1773. J. F. AcKEBHASir. Niusbricbteii von der aoaderbaren Wirkung einM 

Wettewtrahles. 8to. Kiel. 
G. Bbccahia. Balla Elettricitft tsrreBtre atmoapherica a delo sereno. 

Osserruioni dedicate a iua Altezza lUale il Signur Prindpe di 

PianioDti. 4to. Torino. 
P. M&ZO. Pbjaikalischa Abhandlungen von den EigenKhaflen de* 

Donuere und den Mitteln wider das Eintchlagea. Aua den lat. von 

Retzer. 8to, Wian. 
J. PBIB9TLKI. Oeachichte und gegenwartifter Zustimd dar Klektridtiit. 
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SIr. Hehlt. Effects of Lightning. Phil. Trans. IziL 131. 

1773. 0. STSiaLBBKBR. ObeervatioDes pbnnomenonim electricor. in Hohen- 

Gebrachin et Priding. 4to. RatiBb. 
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from its efiects. Pbil. Trana. Iziii. 49. 

1774. W. Hbhlt. On Pointed and Blunt Oonductora. Phil. Trana. Ixiv. 

J. N. Tetbhb. Ueber die beets Sicherung seiner Person bd dnem Ge- 

witter. 8vo. Butiuw nnd Wigm. 
J. J. T. Fblbiobb. Die Kunit- Thiiime und andere Geh&ude vor den 

schadlichen Wirkungen des Blities duich Ableitunfuen lu bewahren. 

Svo. Brealau. 
Ph. P. QnsBir. Von der Sichorheit wider die Bonnerstrahlen. 8to. 

G&ttii^. u. Gotha. 
L. Oh. Lichtknbbks. Verhaltung»-Regeln bei naben Domwrwetteni, 
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Gotha. 
1776. Jos. ScusBRT. Femglas der Aneneiwiseenachaft, nebat oinigen andaren 

AUumdlungen, Schife und Haueer vor dem Blitie ta bewabren, 

ingleichen ganze Stadte und Distrikte vor dem Erdbeben in Sicherhdt 

zu setzen. Aua dem Ital. 8vo. Miinster. 
P. R. Arbuthhot. Abhandlung iiber die Preia&age : Ob und waa fur 

Mittel OS gabe, die Hochgewitler zu vertrdben etc. AbbandL d. 

diurfiirstL bayer. Akad. der Wiss. ix. 399. 

1776. M. TAK MiXUK. Varhandeling over bet Electriieeren. 8vo. Qroningen. 
J. F. Gbobs. Elektriache Pausen. 8vo. Leipzig. 

P. Oavallo. Extraordinary Electridty of tbe Atmoapbere. Phil. Tram. 

livi. 407. 
G. Beccakia. a Treatise upon Artificial Electridtj. 8vo. London. 

1777. F. X. Epp. Abhandlung von dem Magnetismus der natiirlichen Eleetri- 

dtat. 8vo. Miincben, KL 
W. IIeiilt. Experiments and Obeervationa in Electricity. Phil. Trans, 
livii. 86. 

1778. L. Ohb. Liohtbhbkrs. Verbaltungs-Regaln bd nahen Donnerwettcm, 

nebat den Mitteln, dch gagen die schadlicben Wirkungen das Blitiea 
in Sicherheit zu setzen. Zum Unterricht fur Unkundige. 8vo. 
Gotha. 

Naibnb. FIxperimenta in EHectricitj, being an Attempt to show the Ad- 
vantage of Pointed Conductors. Phil. Trans. Ixviii. 823. 

J. A. H. Rbiiurub. Vom Blitze. 8vo. Hamburg. 

J. ToALDO. Dei Conduttori per pregervate gU EdiSiii da FulnunL 4to. 
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1778. Bbhjk. WruoK. On the Nature and Use of Conductors. PhiL Trana. 

Royal Society. Beport of the Oommittee on Acddent at Purfleet. Phil. 

Trans, IiTiii. 
B. WiLBOir. On the Tennination of Oonductora. Phil. Traoa. liTiiJ. 

999. 
Mk. BosDnrftTOH. Accident from Li^tning at Purfleet Phil. Trana. 

1779. B. TiMAir, Mtooires but lea OondUcteuw pour preserver les Edificefl 

de la Foudre. 8vo. Stnubonrg. 

Dr. Insbnhodbz, New Experiments and Obserratdons concenung Varioua 
Suhjecta. 8to. London. 

J. TouDO. Mdmoirea aur les Conducteura pour preserver lea Edifices de la 
Foudre. Trad, de I'ltalien, avec des notes et des additions par Barbier 
de Tinan. 8to. Strasbourp. 

B. Franklin. Experiments on the Utility of long pointed Rods for se- 
curing fiiuldinge &om damage 1^ Strokes of Lightning. Polit. Misc. 
and Phil. Piecee. 487. London. 

1780. Lord Mahon. Principlea of Electridty. 4to. Elmely. 

B. FBAirKLiN. Sammtliche Werke. Aus dem EngUschen und Franzo- 
siachen iibersetzt. Nebst des iranz. Uebersetzers B. DubourgZuaatzen 
und mit einigen Anmerk. versehen von G. T. Wenzel. Dresden. 

1781. Bkrtholok. Mteoire ou Nouvelles Preuvas de I'efficadt^des Paratonnerree. 

Aasemblee puUiqua de la Soc. Royale de Montpellier. 69. 
Errkhof. Beschreibung einer Zurtistung, welche die aniiehende Emft 
der Etde gegen dis Oewitterwolke und die Niitzlichkeit der Blitiablei- 
tung aionlich beweiset. 8vo. Berlin. 

1783. J. J. HKMifER. Kuraer Begrifl" und Nutien dor Blitiableiter. 8vo. 

Mannhdm. 

J. J. Hehhbr. Kurze und deutliche Anweisang, wie man dureh einen 
an jedem Orta wohnenden Schmied, oder andere ini Metall arbeitenda 
Handworker, dne mchere Wetterableitung mit aebr geringen Eoiten 
an allerhand Qebauden anlegen laasen kann. 6to. Fried ricbastadt. 

Ltnz. Untenicht vom Blitze und Wetteiableitem. 8vo. Nilinberg. 

1784. J. iKfiEirHOUSZ. Venmschte Schriften phyraach- medicinischen Inhaltes. 

UebeMetzt und herausgegeben von N. 0. Molitor, Wien. 
1786. J. Ph. Ostrbtas. Arch^lo^acbe Abhandlung iiber die Blitzableiter und 

die Eenntniase der Alten von dar Electricitat. Neue philoa. Abh. 

del baier. Akad. der Wise, iv, 113. 
J. HsL^BNZBiSDBB. Verbepserung dar Blitzableiter. 8vo. EUchstMt 
M. SiOAUH DE LA FoNo. Pr^cis historique et exp^iimental des Ph6ao 

mftnes Electtiquea. 8vo. Paris. 
J. Webrr. Theorie der Electricit&t. Nebst Ilelfenzrieder's Voiacbli^ 

etc. 8 TO. Salzbuig. 
M. XiAHDRIARA. Dell' utilitft di Conduttori Elettrici. 4to. Milano, 

1786. J. J. HRmZR. Anleitung Wetterableiter an alien Oattuugan von Qe- 

bauden aufdie ucherste Art anzulegen. Mannh^m und Frankfurt. 
T. Oatallo. a complete Treatise on Electricity. 8vo. London. 
M. Laxdriaita. Abhandlung von Nutzen der Blitzableiter. Auf Befehl 

des Qubemiums herausgegeben. Ausdem Ilalieuiachen von Q. Hiiller. 

8vo. Wien. 

1787. Bhbtholoh. De I'ElectriciW des MSt^ores. 2 vol. Paris, 

1788. A. PiNAZZO. ISss, sopra alcnni huoui lisici Efietti che nascono da' Tem- 

poral!. Mantova. Disaer. 99. 

1789. P. Flag. Urinrich. Abhandlung uber die Wirkung des OeschUtzes auf 

Oewitterwolken. Gekrijnte Preisschrift. Neue pbilos, Abh. der 
buer. Akad. dec Wiss. t. 1. 
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1790. Eiuige g^ipea dia OewittenbMtAr g«m>cbte MawUrfe, beantwoitet. Snr. 

Fnuaklurt. 
BoxKANV. Beecbreibung einei bequemeu Appantes iiir Beobacbtung der 

Lufbelektricitat, nebst einigeu Beob. und Versucben. Oren Journ. i. 

319. 386. 
17B1. BOBCduini. Ueber die Blitiableiter. 8to. Eoflsrube. 

BiTSBE. BenibiguDg iiber die neuen Blitzabl^ter. 8to. Leiptig. 

0. G. TON ZmaiN. Ueber dtu L&uten bei Gewittera, beBonders in Hin- 

sicht der dediolb zu trefieudeu FoliiejTarfugungeii. 8to. GieueD. 
Di Luc. Ueber iaa ElektriBcbe Fluidum. Gren Jounwl de Pbjs. iii. 

Bl. 
H. Hkuksb. Abhandlung ran dem BUlxe und den Verwobmngs- Blittelo 

gegen denaelben. 4to. Trier. 
1793. BiRTHOLOK. Von der Elektiicitat der Lufterst^nnniigeD. Deutscb von 
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